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METHOD OF MANUFACTURING A THIN-FILM TRANSISTOR 

This invention relates to a thin-film transistor (^^0 TFT ^^|^^), and more 
specifically, relates to manufacturing technology for improving TFT transistor characteristics. 

^.^Hre various devices which use TFT's include an active matrix substrate of a liquid 
display device, for instance, which is formed on a transparent substraie^such as glass as shown 
in Fig. 11 (y^^d its roughly central region is identified as a picture display region 81. In 
this picture display region 81, picture elements are formed into sections by data lines 90 and 
scanning lines 9||:omposed of a metal fili^^ch as alimiinum, tantalum, molybdenum, 
titanium and tungsten, a silicide film, a conductive semiconductor film, etc. In each picture 
element, a liquid crystal unit 94 (liquid cry^dcell) is formed where picture signals are input 
through a TFT 30 for picture switching.^F^the data lines 90, a data-side drive circuit 60 is 
constructed that includes a shift register 84, a level shifter 85, video lines 87 and analog 
switches 86. For the scanning hues 91, scaimin^^ide drive circuits 70 are constructed that 
have a shift register 88 and a level shifter 89. each picture element, a holding capacitor 40 

A 

is formed between the scanning line 91 and a capacity line 92 extending parallel thereto, and 
the holding capacitor 40 has a function to improve the holding characteristics of charge at the 
liquid crystal units 94. This holding capacitor 40 is sometimes formed between the scanning 
line 91 of the front stage and a picture element electrode. 

At the data-side and the scanning-side drive circuits 60 and 70, a CMOS circuit is 
constructed with an N type TFT 10 and a P type TFT^0^a;s shown in Fig. 11 (B). Such 
CMOS arrangement is used to implement an inverter circuit, etc. with more than one or two 
stages at the drive circuits 60 and 70. 



Therefore, on the active matrix substrate 200, three types of TFTs are formed on the 
surface of the substrate that ■ consist o f an N type TFT 10 for the drive circuit, a P type TFT 20 
for the drive circuit and an N type TFT 30 for picture element switching. However, these 
TFT 10, 20 and 30 have a common structure. Thus, in order to avoi^^-edundancy of 
explanation, the structure of the N type TFT 10 for the drive circun^aj/ well as the 
manufacturing method theret^mll be explained with reference to Fig, 12, Fig. 13, Fig, 14 and 
Fig, 15. 
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As illustrated in Fig. 12, on the active matrix substrate 200, a bedding protective film 51 
made of a silicon oxide film is formed at the surface side of the substrate 50. On the surface 
of this bedding protective film 51, a polycrystal semiconductor film 100 is formed that is 
patterned into island forms. On the surface of the semiconductor film 100, a gate insulating 
film 12 is formed, and a gate electrode 14 is formed on the surface of this gate insulating film 
12. In the semiconductor film 100, a channel region 15 is formed at a region facing the gate 
electrode 14 through the gate insulating film 12. At the sides of this channel region 15, a high 
concentration source region 16 and a high concentration drain region 17 are formed in a self- 
aligned condition relative to the gate electrode 14. To the high concentration source region 16 
and high concentration drain region 17, a source electrode 41 and a drain electrode 42 are 
respectively electrically connected through contact holes in an interlayer insulating film 52. 

In order to manufacture the TFT 10 with such a structure, first, a substrate made of glass, 
etc, is cleaned by ultrasonic cleaning or the like as in Fig. 13 (A). ^ 



Next, as shown in Fig. 13 (B), a bedding protective film 51 is formed over the entire 
surface of the substrate 50 under the condition of a substrate temperature fi*om about 150 to 
450°C. 



Next, as illustrated in Fig. 13 (C), a semiconductor film 100 is formed on the surface of 

the bedding protective film 51, At this time, by applying a low temperature process, the 

. ^^ca^ be 

substrate 50 made of glass ^prevented from being thermally defonned. The low temperature 
process indicates that the maximum temperature in the process (the maximum temperature 
wherein the temperature of a substrate as a whole increases at the same time) is lower than 
about 600^C (preferably, less than about 500°), On the contrary, a high temperature process 
indicates that the maximum temperature of the process (the maximum temperature wherein 
the temperature of a substrate increases as a whole at the same time) is higher than about 
600°. This is to carry out a high temperature procedure at 700-l,200^C such as film- 
formation under high temperature and the thermal oxidation of silicon. 

However, since it is impossible to form a polycrystal semiconductor film directly on the 
substrate in the low temperature process as explained later, this semiconductor film 100 
should be crystallized after an amorphous semiconductor film 1 00 is formed first by a plasma 
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CVD method or a low pressure CVD method. As this crystallization method, for instance, 
methods such as a Solid Phase Crystalhzation (SPC) method and Rapid Thermal Annealing 
(RTA) method are included. As shown in Fig. 13 (D), by carrying out laser annealing 
wherein excimer laser beams using XeCl are irradiated (ELA: Excimer Laser 
Annealing/crystallization process), the rise in substrate temperature is restrained, and 
polycrystal Si with a large grain diameter is also provided. 

In this crystallization process, laser beams (excimer laser) from a laser beam source 320, 
for example, are icmdiated toward the substrate 50 that is placed on a stage 310 through an 
optical system 325 ^as^shown in Fig. 14. In this process, line beams LO wherein an irradiation 
range L is long Van X direction (for example, line beams at 200Hz of laser pulse cycUc 
frequencies) are irradiated onto the semiconductor film 100, and the irradiation region L is 
shifted in a Y direction. The beam length of the line beams LO is 400mm herein, and the 
output intensity thereof is, for instance, 300mJ/cm^. Also, in shifting the irradiation region L 
of laser beams in the Y direction, the line beams are scanned so as to overlap sections with 
90% of the peak laser intensity in the width direction per region. As a result, the amorphous 
semiconductor film 100 is melted once, and is then polycrystallized after a cooling and 
solidifying process. In this process, the irradiation period of laser beams onto each region is 
extremely short and the irradiation region L is local relative to the substrate as a whole, so that 
the substrate 50 as a whole is not heated to a high temperature at the same time. Thus, even 
though the glass substrate used as the substrate 50 is inferior to a quartz substrate in heat 
resistance, there is no forming of deformation, cracks, etc. by heat. 

Next, as shown in Fig. 13 (E), the polycrystal semiconductor film 100 is patterned in 
island forms by the photolithography technique. 

Next, as illustrated in Fig. 15 (A), a gate insulating film 12 made of a silicon oxide film is 
formed at the surface side of the semiconductor film 100. 

Next, as shown in Fig. 15 (B), a conductive film 140 containing alximinum, tantalum, 
molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 
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Next, after forming a resist mask 301 on the surface of the conductive film 140 as shown 
in Fig. 15 (C), the conductive film 140 is patterned; and a gate electrode 14 is then formed as 
shown in Fig. 15 (D). 

Next, as illustrated in Fig. 15 (E), phosphorus ions are introduced at a dosage of about 
e.g., IxlO^^cm'^ onto the semiconductor film 100 with the gate electrode 14 as a mask. As a 
result, a source region 16 and a drain region 17 are formed in the semiconductor film 100 in a 
self-aligned condition relative to the gate electrode 14 and at a high impurity concentration of 
about IxlO^^cm"^. The section in the semiconductor film 100 where the impurities are not 
introduced becomes a channel region 15. 

Next, after forming an interlayer insulating film 32^ ay shown in Fig. 12, annealing is 
carried out for activation. Then, a source electrode 41 aria a drain electrode 42 are formed 
after contact holes are formed in the interlayer insulating film 52. 

In the N type TFT constructed as mentioned above, drain voltage that is positive relative 
to the potential of the source electrode 16 is applied to the drain electrode 42 as in Fig. 16 (A), 
and positive gate voltage is apphed to the gate electrode 14. As a result, negative electric 
charge concentrates on the interface of the channel region 15 and the gate insulating film 12, 
forming an N type channel 151 (inversion layer). At this time, when drain voltage is small 
enough relative to gate voltage, the source region 16 and the drain region 17 are connected by 
the channel 151, so that drain electric current increases as drain voltage (non-saturation 
region) rises as indicated with a solid line LO in the transistor characteristics (current- voltage 
characteristics) shown in Fig. 17. On the contrary, as drain voltage increases to almost equal 
to gate voltage, induced electron density near the drain region becomes small as shown in Fig. 
16 (B), thus causing pinch-off. Under these conditions, even if drain voltage is increased 
higher than that level, drain electric current does not increase and becomes almost constant (at 
the saturation region) as indicated with the solid line LO in Fig. 17. The current value in this 
case is called saturation current. Thus, if the TFT 10 is driven by applying this saturation 
region, constant drain current can be obtained, thus preventing the TFT 10 itself and 
peripheral circuits fi-om being damaged by excess current. 

As described above, the transistor characteristics of a TFT are basically dominated by the 
behavior of plural carriers (electrons in case of the N type, and holes in case of the P type). 
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However, when drain voltage becomes high, a phenomenon (Kink effect) is found wherein 
the above-noted drain current, which should be constant, abnormally increases. The reason 
will be explained below. First, as drain voltage becomes high and an electric field between 
the source and the drain intensifies at the TFT, carriers are accelerated by this electric field 
and will have large energy. The carriers are accelerated from the source region 16 towards 
the drain region 17, so that they will have the maximum energy near the drain region 17, The 
carriers with large energy (hot carriers) collide against the atoms in.Ae~s^aiconductor film 
and impurity atoms, thus generating pairs of electrons and hokes. The generated holes, as 
shown in Fig, 16 (C), increase the potential of the channel region xtric current m 

response to the injection^ the holes mentioned above flow^firaijhp^annel region 15 to 
the source region 16.^uch a phenomenon can be considered byrelating the channel region 
15 to a base, the source region 16 to an emitter and the drain region 17 to a collector 
respectively. The electric current by holes flowing from the channel region 15 to the source 
region 16 can be considered as base current. The electric current flowing from the source 
region 16 to the drain region 17 in response to the electric current flowing from this channel 
region 15 to the source region 16 can be considered as collector electric current. Therefore, 
this phenomenon is also called bipolar action. With such bipolar transistor type behavior 
(bipolar action), even at the saturation region, drain current increases sharply (Kink effect) as 
drain voltage rises in the case of the conventional TFT as indicated with a two-dot chain line 
LI in Fig. 17. As a result, there is a danger that the TFT 10 itself and the peripheral circuits 
would be damaged by excess current. In addition, such a phenomenon will be clear as the 
ON-state current level of the TFT 10 rises by increasing the degree of crystallization of the 
semiconductor film 100, so that the reliability tends to decline at a higher ON-state current 
level in case of the conventional TFT 10. 



Therefore,^ the objectives of>feh*s invention -afe to reduce the bipolar transistor type 
behavior and to present a TFT manuiacturing method that can stabilize saturation current and 
improve reliability. 

In order to solve the problem mentioned above, in a method of manufacturing a thin-film 
transistor wherein a channel region facing a gate electrode through a gate insulating film and 
source and drain regions connected to the channel region are formed in a semiconductor film 
on the surface of an insulating substrate, Ais* invention is characterized in that a 
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recombination center for capturing carriers is formed in the channel region by introducing 
impurities to the channel region. 



v^p'^i ^^^^ invention, the impurities are at least one kind selected from the group y^f^^jfep^of 
V ^ Mm inert gases, metals. Group III elements, Group IV elements and Group V elements. 

^^^^ ^CJk^ ^yic/oJ^ 

The TFT manufactured by the method of tos invention ^ a channel region 15 facing a 
gate electrode 14 through a gate insulating film 12 and source and drain regions 16 and 17 
coimected to the channel region 15 in a semiconductor film 100 formed on the surface of an / 
insulating substrate shown in Fig. 16 (D), and this channel region 15 ^ a 

recombination center 150 for capturing a small number of carriers. In such TFT (for example, 
N type TFT), even if drain voltage becomes high and hole/electron pairs are generated by hot 
carriers, these holes and electrons are recombined and captured at the recombination center 
150 formed in the channel region 15. As a result, as holes are injected into the source region 
16 from the channel region 15, hole density would not become high, so that the injection of 
electrons from the source region 15 to the charmel region is due to this hole-injection will not 
occur. Thus, there are no fluctuations in saturation current resulting from the bipolar 
transistor type behavior mentioned above. As a result, in the case of the TFT of this 
invention, as illustrated with a dotted line L2 or a one-dot chain line L3 in Fig. 17, drain 
current will not increase sharply even if drain voltage fluctuates at the saturation region, 
ThuSj the TFT itself and peripheral circuits will not be damaged by excess current, etc., thus 
improving reliability. \^ 

In ^fes invention, the process of introducing the impurities to a charmel region ^ji^parried 
out by injecting impurities from a surface side of the channel region. Such a method is 
suitable for forming a recombination center on a surface side from the center in the direction 
of thickness of the chaimel region. 

In this case, the process of introducing the impurities to a charmel region is preferably 
carried out, after a crystallization process on a semiconductor film so as to form the channel 
region^ by injecting impurities from a surface side of the channel region. In this way, this 
recombination center will not be dispersed or diminished by the crystallization process after 
the recombination center is formed. 



In ^& invention, the process of introducing the impurities to a channel region may be 
carried out, after e.g., a crystallization process on a semiconductor film so as to form the 
channel region, by injecting impurities from a surface side of the channel region before a 
process of forming the gate electrode on a surface side of the channel region. 

Also, the process of introducing the impurities to a channel region may be carried out, 
after the gate insulating film and the gate electrode are sequentially formed on a surface side 
of the channel region, by injecting impurities from a surface side of the gate electrode before 
an interlayer insulating film is formed on a surface side of the gate electrode. ^ 



In carrying out such a method, an average projected range of the impurities in the process 
of introducing impurities may be from the center in the direction of thickness of the channel 
region to an interface between the channel region and the gate insulating film. 

Moreover, an average projected range of the impurities in the process of introducing 
impurities may be from the center in the direction of thickness of the channel region to an 
interface between the channel region and a layer located on the substrate side. 

In invention, the process of introducing the impurities to the channel region may be 
carried out by impurity diffiision from an impurity diffiision source arranged at a lower layer 
side of the channel region. 

It ^preferable that such impurity difftision is carried out in a crystallization process on a 
semiconductor film so as to form the channel region. 

In"ms-invention, the crystallization process ^^^aser annealing on a semiconductor film so 
as to form the channel region. 

In tife invention, each process carried out after introducing the impurities to the channel 
region % preferably/carried out at a temperature below 400°, more preferably below 300°, In 
this way, this recombination center will not be thermally diffused or diminished after the 
recombination center is formed. 




^2 ^ 

V 



? ^ Fig. 1 is a cross-sectional view illustrating the structure of a TFT of embodiment 1 pCthe 



*^ "I 3 inventioi^ ♦ ^pfcs<,4 

■> I Figs. 2 (A) - (E) are cross-sectional views showing the manufacturing method of the 
$: . T -5 TFT shown in Fig. hf ' 

^ Figs. 3 (A) - (D) are, in the manufacturing method of the TFT shown in Fig. L cross- 
Q sectional views showing each process that continues after the processes shown in Figs. 2t>- 

^ ^ Figs. 4 (A) - (C) are, in the manufacturing method of the TFT shown in Fig. 1, cross- 



sectional views showing each process that continues after the processes shown in Figs. 3. 

Fig, 5 is a cross-sectional view illustrating the structure of a TFT of embodiment 2.^f^is- 
invention^ 5 

Figs. 6 (A) - (C) are cross-sectional views showing the manufacturing method of the 
TFT shown in Fig. 5^ 



Figs. 7 (A) - (D) are, in the manufacturing method of the TFT shown in Fig, 5, cross- 
sectional views showing each process that continues after the processes shown in Figs. 6^ 

Figs. 8 (A) and (B) are cross-sectional views illustrating the structure of a TFT of 
embodiment 3 of this invention and a cross-sectional view showing the modified example 
thereof respectively^ y 



Figs. 9 (A) - (F) are cross-sectional views showing the manufacturing method of the 
TFT shown in Fig. 8 (A 
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Figs. 10 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 8 (A), 
cross-sectional views showing each process that continues after the processes shown in Figs. 

Fig, 1 1 (A) is a block diagram of an active matrix substrate for a liquid crystal display 
device, and Fig, 1 1 (B) is an equivalent circuit diagram of a CMOS circuit constructing the 
drive circuit thereof 

Fig. 12 is a cross-sectional view illustrating the structure of a conventional TFl^ ^ 

Figs. 13 (A) - (E) are cross-sectional views showing the manufacturing method of the 
conventional TFT shown in Fig. 12^ ^ 

Fig. 14 is a schematic block diagram of a laser annealing device used for laser annealing 
(crystallization process)^ *^ 

Figs. 15 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 12, cross- 
sectional views showing each process that continues after the processes shown in Figs. 13. 

Figs. 16 (A) - (D) are diagrams for explaining the operation of a TFTj^ J d 

Fig. 17 is a graph showing the transistor characteristics of TFTs of this invention, a 
conventional TFT and a model TFT. 

Embodiments of the invention are explained with reference to figures. In any 
embodiment wiiich will b e explained below, a TFT is formed for picture-element switching or 
a drive circuit in an active matrix substrate for a liquid crystal display device, etc. Therefore, 
as described in the explanation of the prior art, three types of TFTs eorisioting of an N type 
TFT for a drive circuit, a P type TFT for a drive circuit and an N type TFT for picture-element 
switching should be formed on the same substrate. However, these TFTs have a common 
structure. Moreover, the TFT adopting this invention has a structure that is similar to that of 
the conventional TFT apart from the addition of the recombination center. Thus, in the 
following explanation, in order to avoid redundancy of explanation, the same reference 
numerals are used for the same elements as in the conventional TFT and for the 
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manufacturing method thereof, and only the structure of an N type TFT for a drive circuit and 
the manufacturing method thereof will be explained. 



Fig. 1 is a cross-sectional view illustrating the structure of a TFT of embodiment 1 of the 
invention, ^ — ^ 



^As shown in Fig. 1, in this embodiment, a bedding protective film 51 made of a silicon 
oxide film is formed on the surface side of a substrate 50, and an N type TFT 10 is formed on 
the surface of this bedding protective film 51. On the surface of this bedding protective film 
51, a poly crystal semiconductor film 100 patterned in island forms is formed. On the surface 
of the semiconductor film 100, a gate insulating film 12 is formed, and a gate electrode 14 is 
formed on the surface of this gate insulating film 12. In the semiconductor film 100, a 
channel region 15 is formed at a region facing the gate electrode 14 through the gate 
insulating film 12. At the sides of this channel region 15, high concentration source region 16 
and drain region 17 are formed in a self-aligned condition relative to the gate electrode 14. 
To the source region 16 and drain region 17, a source electrode 41 and a drain electrode 42 
are electrically connected respectively through contact holes of an interlayer insulating film 



(^ne section on the surface of the gate electrode 14 is hollow, and there is partially a thin 
section 141. This section 141 is for introducing impurities to a predetermined region of the 
channel region 15 in a manufacturing method described below. 

In the TFT 10 constructed as above, a recombination center 150 is formed in the channel 
region 1 5 by impurities^sudh as inert gases, metals. Group III elements, Group IV elements 
and Group V elementVtMt are introduced to this channel region 15, or by crystal defects 
generated by the introduction of these impurities. The recombination center 150 concentrates 
on a location near the drain region 17 in the channel region 15 herein. In other words, the 
recombination center 150 concentrates on a region that is separated only by a distance 
equivalent to 1/3 or 1/10 of the chaimel length seen from the drain region 17. 





52. 





In this embodiment, the density of the recombination center 150 ^within a range from 
1x10^ to 1x10^" cm" , and a carrier-capturing cross section at the recombination center 
150 is within a range from 1x10" cm to 1x10" cm . The carrier-capturing cross section and 
density of such a recombination center 150 can be controlled by a dosage of impurities into 
the semiconductor film 100 (channel region 15) in the manufacturing method mentioned 
below. 



Regarding the depth of the recombination center 150, it may be either a structure wherein 
the recombination center 150 concentrates on the side where the gate electrode 14 is located 
in the direction of thickness of the channel region 15, or a structure wherein the 
recombination center 150 concentrates on the side opposite to the side where the gate 
electrode 14 is located in the direction of thickness of the channel region herei^^J^wever, the 
recombination center 150 is formed so as to concentrate at a suitable location in response to 
the correlation between the thickness of the channel region 15 and the depth of a channel 
formed on the surface of this channel region 15, etc. The depth of the region where such a 
recombination center 150 concentrates can be controlled by acceleration voltage at the time of 
introducing impurities to the semiconductor film 100 (channel region 15), etc. in the 
manufacturing method mentioned later. In other words, it can be controlled by setting an 
average projected range during the injection of impurities to the semiconductor film 100, at 
the side of the gate electrode 14 or the side of the substrate 50 from the center in the direction 
of thickness of the channel-forming region 15. 



The transistor characteristics (current- voltage characteristics) of the TFT 10 constructed 
as above are explained with reference to Fig. 1 and Fig. 17. Fig. 17 is a graph showing the 
results wherein the transistor characteristics of the TFTs of this invention, the conventional 
TFT and a model TFT are simulated. In Fig. 17, in the TFTs of this invention, the 
characteristics of TFTs - wherein the thickness of the semiconductor film 100 is 460 
angstroms, channel length is 8|Lim and the recombination center 150 is formed at the length of 
2|Ltm from the location separated fi*om the drain region 17 by Ijim - are expressed as a dotted 
line L2 and a one-dot chain line L3 respectively. Among these two TFTs, the TFT expressed 
as the dotted line L2 has the carrier-capturing cross areas of charged recombination center 150 
and neutral recombination center 150 of IxlO'^^cm"^ and IxlO'^^cm^ respectively. On the 
other hand, the TFT expressed as the one-dot chain line L3 has the carrier-capturing cross 
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areas of charged recombination center 150 and neutral recombination center 150 of 1x10" 
^^cm^ and Ix 10"^ "^cm^ respectively. The so-called charged recombination center 150 normally 
has negative electric charge and becomes neutral by capturing holes. On the other hand, the 
neutral recombination center 150 is normally neutral and charges positively by capturing 
holes herein. Moreover, the density of the recombination center 150 of the TFTs expressed as 
either the dotted line L2 or the one-dot chain line L3 was set at IxlO^^cm"^. 

In the TFT 10 constructed as above, when drain voltage is much smaller than gate 
voltage, the source region 16 and the drain region 17 are connected by a channel, so that drain 
current increases as drain voltage rises (at the non-saturation region) as illustrated with a solid 
line LO in Fig. 17. 

Also, as drain voltage rises as high as the gate voltage, hole/electron pairs are formed by 
hot carriers. Formed holes are recombined and captured in the recombination center 150. 
Thus, many of the formed holes diminish in the channel region 15, so that the chaimel region 
15 does not reach enough potential to inject holes into the source region 16. As a result, there 
will be no bipolar transistor type behavior (bipolar action) wherein electrons are injected into 
the channel region 15 from the source region 16 by the holes injected from the channel region 
15 to the source region 16. Therefore, in case of the TFT 10 of this embodiment, as expressed 
with the dotted line L2 or the one-dot chain line L3 in Fig. 17, the Kink effect which sharply 
increases drain current at a saturation region can be restrained. As a result, by increasing the 
degree of crystallization of the semiconductor film 100, the TFT itself and peripheral circuits 
will not be damaged by excess current even if an ON-state current level or the like is raised, 
so that reliability can be also improved. 

The method of manufacturing the TFT 10 having such a structure is explained with 
reference to Fig, 2, Fig, 3 and Fig. 4. ^ ^^^^^^^ 

. 

^ Fig. 2, Fig. 3 and Fig. 4 are all cross-sectional views illustrating the manufacturing 
method of the TFT of this embodiment. 



In this embodiment, a substrate 50 made of glass, etc. cleaned by ultrasonic cleaning or 
the like is first prepared as shown in Fig. 2 (A). « ^ 
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Next, as shown in Fig, 2 (B), a bedding protective film made of a silicon oxide film or the 
like with a thickness of 2,000-5,000 angstroms is formed over the entire s\irface of the 
substrate 50 by a plasma CVD method under the condition of a substrate temperature fi*om 
about 150°C to 450°. A mixed gas of mono-silane and laughing gas, TEOS (tetraetoxysilane) 
and oxygen can be applied as the material gas. 

Next, as illustrated in Fig. 2 (C), a semiconductor film 100 is formed on the substrate 50. 
At this time, the thermal deformation of the glass substrate 50 is prevented by applying a low 
temperature process. In other words, under the condition of a substrate temperature from 
about 150°C to 450°, a semiconductor film 100 made of an amorphous silicon film with a 
thickness of 300-700 angstroms is formed over the entire surface of the substrate 50 by a 
plasma CVD method. As the material gas, disilane or monosilane, for example, may be 
applied (film-forming process). In addition, as the method of forming the amorphous 
semiconductor film 100 on the substrate 50 under low temperature conditions, a vacuum CVD 
method, an EB deposition method, a sputtering method or the like may be used instead of the 
plasma CVD method. 

Next, as shown in Fig. 2 (D), laser beams are irradiated onto the semiconductor film 100, 
thus carrying out laser annealing (crystallization process). In this crystallization process, line 
beams LO are irradiated onto the semiconductor film 100 and the irradiation region L is 
shifted to a Y direction as explained with reference to e.g. Fig. 14, 

Next, as shown in Fig. 2 (E), the polycrystal semiconductor film 100 is patterned in 
island forms by applying a photolithography technique. 

Next, as shown in Fig. 3 (A), a gate insulating film 12 made of a silicone oxide film with 
a thickness of 600-1,500 angstroms is formed on the side of the surface by a plasma CVD 
method with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

Next, as illustrated in Fig. 3 (B), a conductive film 140 containing aluminum, tantalum, 
molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 
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Next, as shown in Fig, 3 (C)^ after forming a resist mask 301 on the surface of the 
conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 3 (D). 

Next, as shown in Fig. 4 (A), a resist mask 302 is formed, by a photolithography 
technique, that has an opening section 303 at a location near the drain region 17 on the upper 
layer side of the channel region 15, for example, in a region separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen from the drain region 17. 

Next, shallow etching is partially carried out on the surface of the gate electrode 14 
through the resist mask 302. As a result, as shown in Fig. 4 (B), out of the surface of the gate 
electrode 14, only the region that is separated just by a distance equivalent to 1/3-1/10 of a 
channel length seen from the drain region 17 is etched, and a thin section 141 is formed 
partially in the gate electrode 14. 

Next, as illustrated in Fig. 4 (C), phosphorus ions are introduced at a dosage of about 
IxlO^^cm'^to the semiconductor film 100 with the gate electrode 14 as a mask. As a result, 
source region 16 and drain region 17 at a high impurity concentration of about IxlO^^cm"^ are 
formed in the semiconductor film 1 00 in a self-aligned condition relative to the gate electrode 
14. In this case, the section of the semiconductor film 100 where no impurities are introduced 
becomes a channel region 15. 

Also, even from the thin section 141 of the gate electrode 14, phosphorus ions are 
injected into the semiconductor film 100 (channel region 15). However, the amount of 
impurities injected from the thin section 141 of the gate electrode 14 is small since the gate 
electrode 14 becomes a blocking layer. Therefore, impurities are introduced to a region 
equivalent to the thin section 141 of the gate electrode 14 in the semiconductor film 100 
(channel region 15) in a smaller amount than that to the source region 16 and the drain region 
17, and a recombination center explained with reference to Fig. 1 is then formed. 

Next, as shown in Fig. 1, after an interlayer insulating film 52 is formed on the surface 
side of the gate electrode 14, annealing for activation is carried out under the temperature 
condition of 400°, preferably lower than 300°. Thereafter, a source 41 and a drain electrode 
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42 are formed after contact holes are formed in the interlayer insulating film 52, As a result, a 
TFT 10 is formed. \ ^ 

Thus, in the manufacturing method of this embodiment, the process of introducing 
impijrities to the channel region 1 5 carried out by the injection of impurities from the 
surface side of the channel region 15 (semiconductor film 100), so that it is suitable for 
concentrating the recombination center 150 on the side where the gate electrode 14 is located 
in the direction of thickness of the channel region 15. 

Also, in this embodiment, the process of forming the recombination center 150 by 
introducing impurities to the semiconductor film 100'l4carried out after the recrystallization 
process (laser annealing) on the semiconductor film 100 for forming the channel region 15, so 
that the semiconductor film 100 is not exposed to a high temperature atmosphere that is 
greater than e.g., 400° (preferably 300""). Thus, the impurities introduced to the 
semiconductor film 100 (channel region 15) for forming a recombination center will not be 
inappropriately thermally diffused, or the defects formed by the introduction of impurities 
(recombination center 150) will not be fixed. 



Moreover, in the above-noted embodiment, the introduction of hnpurities to form a 
source and drain region v(f^^rr^[>m^at the^ame time with the introduction of impurities to 
form a recombination cLn<!^^^w^^, ^ey may be carried out in separate processes. The 
procedural order of formmg-ar'tGm section 141 partially in a gate electrode 14 after forming 
source and drain electrodes, and then forming a recombination center, for example, may be 
adopted. 



In this case, ioms^iurh as inert gases and metals can be freely selected as ions for forming 
a recombination cent^. This is because ions can be injected only into a channel region 
corresponding to the locally thin section 141 with the source and drain regions as masks. 
Moreover, after injecting ions for forming source and drain regions, the injection of ions so as 
to form a recombination center can be carried out after a heat treatment for activation. In this 
case, defects formed by lowering process treatments thereafter will not recover, so that a 
recombination center can be formed efficiently. 



Embodiment 2 
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Fig. 5 is a cross-sectional view illustrating the structure of a TFT of embodiment 2 of this 
invention. *^ """""^ 



As shown in Fig. 5, a bedding protective film 51 made of a silicon oxide film"iC also— l;?^ 



formed on the surface side of a substrate 50 in this embodiment, and a TFT 10 is formed on 
the surface thereof The fundamental structure of this TFT 10 is the same as that of the TFT 
10 which was explained with reference to Fig. 1, except that a gate electrode 14 has an equal 
film thickness. In other words, in a polycrystal semiconductor film 1 00 that was patterned in 
island forms, a channel region 15 facing a gate electrode 14 through a gate insulating film 12, 
a source electrode 16 connected to the channel region 15 and a drain region 17 connected to 
the channel region 15 on the side opposite this source region 16 are formed. Other 
components are the same as those in the TFT 10 of the embodiment 1, so that the same 
reference numerals are used for the corresponding sections and the explanations are omitted. 



Also in this embodiment, in the TFT 10 construed as above, a recombination center 150 



^formed in the channel region 15 by impurities^su^h as inert gases, metals. Group III 
elements, Group IV elements and Group V elements introduced to this channel region 15, or 
by crystal defects generated by the introduction of these impurities. The recombination center 
150 concentrates on a location near the drain region 17 in the channel region 15 herein. In 
other words, the recombination center 150 concentrates on a region that is separated only by a 
distance equivalent to 1/3 or 1/10 of the channel length seen from the drain region 17. 

Also in this embodiment, the density of the recombination center 1 50 is within a range 
fi-om IxlO^^cm'^ to IxlO^^cm"^, and a carrier-capturing cross section at the recombination 
center 150 is within a range fi*om 1x10" cm to 1x10" cm . Also, even in this embodiment, 
it may be either a structure wherein the recombination center 150 concentrates on the side 
where the gate electrode 14 is located in the direction of thickness of the channel region 15, or 
a structure wherein the recombination center 150 concentrates on the side opposite to the side 
where the gate electrode 14 is located in the direction of thickness of the chaimel region; 
however, the recombination center 150 is formed so as to concentrate at a suitable location in 
response to the correlation between the thickness of the channel region 1 5 and the depth of a 
channel formed in this channel region 15. 







In the TFT 10 constructed as^^above, when the drain voltage rises as high as the gate 
voltage, hole/electron pairs are formed by hot carriers. In this embodiment, the formed holes 
are recombined and then captured at the recombination center 150. Thus, many of the formed 
holes diminish in the channel region 15, so that the chamiel region 15 does not reach enough 
potential to inject holes into the source region 16. As a result, there v^ill be no bipolar 
transistor type behavior wherein electrons are injected into the channel region 15 from the 
source region 15 by the holes injected from the channel region 15 to the source region 16. 
Therefore, in case of the TFT 10 of this embodiment, as expressed with the dotted line L2 or 
the one-dot chain line L3 in Fig, 17, the Kink effect which sharply increases drain current at a 
saturation region can be restrained. As a resuh, by increasing the degree of crystallization of 
the semiconductor film 100, the TFT itself and peripheral circuits will not be damaged by 
excess current even if an ON-state current level or the like is raised, so that reliability can also 
be improved. 

The method of manufacturing the TFT 10 having such a structure is explained with 
reference to Fig. 6 and Fig. 7. Fig, 6 and Fig. 7 show cross-sectional views illustrating the 
manufacturing method of the TFT of this embodiment. In addition, in the manufacturing 
method of the TFT 10 of this embodiment, the procedures up until the polycrystal 
semiconductor film 1 00 is formed are the same as the processes explained with reference to 
Fig. 2 (A) - Fig. 2 (E) in the TFT manufacturing method of embodiment 1, In other words, 
as shown in Fig. 2 (B), a bedding protective film 51 is under the condition of a substrate 
temperature from about 150*^C to 450"^, Then, after a semiconductor film 100 made of an 
amorphous silicon film is formed over the entire surface of the substrate 50 under the 
condition of a substrate temperature from about 150°C to 450°C as illustrated in Fig. 2 (C), 
the semiconductor film 100 is polycrystallized by laser annealing with the irradiation of laser 
beams to the semiconductor film 100 as shown in Fig. 2 (D), and thereafter, the polycrystal 
semiconductor film 100 is patterned in island forms by a photolithography technique as 
shown in Fig, 2 (E). 

Next, as shown in Fig. 6 (A), a gate insulating film 12 made of a silicon oxide film with a 
thickness of 600-1,500 angstroms is formed on the side of the surface by plasma CVD method 
with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 
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Next, as illustrated in Fig, 6 (B), a resist mask 305 is formed, by a photolithography 
technique, that has an opening section 304 at a location near the drain region 17 at the upper 
layer side of the channel region 15, for example, at a location separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen from the drain region 17. 

Next, as shown in Fig. 6 (C), impurities such as inert gases, metals. Group III elements, 
Group IV elements and Group V elements are introduced to the semiconductor film 100 
through the opening section of the resist mask. As a result, in the semiconductor film 100 
(channel region 15), the impurities are introduced to the region equivalent to the opening 
section 304, so that a recombination center 150 is formed by the impurities or the defects 
formed by the introduction of the impurities. 

Next, as illustrated in Fig. 7 (A), a conductive film 140 containing aluminum, tantalum, 
molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 

Next, as shown in Fig. 7 (B), after forming a resist mask 301 on the surface of the 
conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 7 (C). Then, as shown in Fig. 7 (D), phosphorus ions are introduced at a dosage 
of about IxlO^^cm'^to the semiconductor fihn 100 with the gate electrode 14 as a mask. As a 
result, source region 16 and drain region 17 at the high impurity concentration of about 
IxlO^^cm"^ are formed in the semiconductor film 100 in a self-aligned condition relative to 
the gate electrode 14. 

Next, as shown in Fig. 5, after an interlay er insulating film 52 is formed on the surface 
side of the gate electrode 14, annealing for activation is carried out below 400°, preferably 
below 300°. Thereafter, source 41 and drain electrodes 42 are formed after contact holes are 
formed in the interlayer insulating film 52. As a result, a TFT 10 is formed. 

Thus, even in this embodiment, the process of introducing impurities to the channel 
region 15 is carried out by the injection of impurities from the surface side of the channel 
region 15 (semiconductor film 100), so that it is suitable for concentrating the recombination 
center 150 on the side where the gate electrode 14 is located in the direction of thickness of 
the channel region 15. 



Also, in this embodiment, the process of foraiing the recombination center 150 by 
introducing impurities to the semiconductor film 100 is carried out after the recrystallization 
process (laser annealing) on the semiconductor film 100 for forming the channel region 15, so 
that the semiconductor film 100 is not exposed to a high temperature atmosphere greater than 
e.g., 400°C (preferably 300""). Thus, the impurities introduced to the semiconductor film 100 
(channel region 15) for forming a recombination center will not be inappropriately thermally 
diffused, or the defects formed by the introduction of impurities (recombination center 150) 
will not be fixed. 



Fig. 8 (A) is a cross-sectional view illustrating the structure of a TFT of embodiment 3 of 
the invention. ^""^""^"'^ 



^ As shown in Fig. 8 (A), a bedding protective film 51 made of a silicone oxide film is also 
formed on the surface side of a substrate 50 in this embodiment, and a TFT 10 is formed on 
the surface thereof. The fundamental structure of this TFT 10 is the same as that of the TFT 
10 which was explained with reference to Fig. 1, except that a semiconductor film 11 for 
bedding is formed at a lower layer side of the semiconductor film 100 constructing active 
layers. In other words, as shown in Fig. 8 (A), in a polycrystal semiconductor film 100 that 
was patterned in island forms, a channel region 15 facing a gate electrode 14 through a gate 
insulating film 12, a source electrode 16 connected to the channel region 15 and a drain 
region 17 connected to the channel region 15 on the side opposite this source region 16 are 
formed. Other components are the same as those in the TFT 1 0 of the embodiment 1 , so that 
the same reference numerals are used for the corresponding sections and explanations are 
omitted. 

Also in this embodiment, in the TFT 10 constru^t^ as above, a recombination center 150 
is formed in the channel region 15 by impimtifeS| simh as inert gases, metals, Group III 
elements, Group IV elements and Group V elemenWmtroduced to this channel region 15, or 
by crystal defects generated by the introduction of these impurities. The recombination center 
150 concentrates on a location near the drain region 17 in the channel region 15 herein. In 
other words, the recombination center 150 concentrates on a region that is separated only by a 
distance equivalent to 1/3 or 1/10 of the channel length seen from the drain region 17. 



Embodiment 3 
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Also in this embodiment, the density of the recombination center 150 is within a range 
from IxlO^^cm"^ to IxlO^^cm"^, and a carrier-capturing cross section at the recombination 
center 150 is within a range from IxlO'^^cm^ to IxlO'^^cm^. 

Also, even in this embodiment, it may be either a structure wherein the recombination 
center 150 concentrates on the side where the gate electrode 14 is located in the direction of 
thickness of the channel region 15, or a structure wherein the recombination center 150 
concentrates on the side opposite the side where the gate electrode 14 is located in the 
direction of thickness of the channel regionjf mowever, the recombination center 1 50 is formed 
so as to concentrate at a suitable location in response to the correlation between the thickness 
of the channel region 15 and the depth of a channel formed in this channel region 15. The 
depth of the region where such a recombination center 150 concentrates can be controlled by 
the diffusion conditions of impurities from an impurity introducing region 111 (impurity 
diffusion source) of the bedding semiconductor film 11 to the semiconductor film 100 
(channel region 15). 

In the TFT 10 constructed as above, when the drain voltage rises as high as the gate 
voltage, hole/electron pairs are formed by hot carriers. In this embodiment, the formed holes 
are recombined and then captured at the recombination center 150. Thus, many of the formed 
holes diminish in the channel region 15, so that the channel region 15 does not reach enough 
potential to inject holes into the source region 16. As a result, there will be no bipolar 
transistor type behavior wherein electrons are injected into the channel region 15 from the 
source region 16 by the holes injected from the channel region 15 to the source region 16. 
Therefore, in case of the TFT 10 of this embodiment, as expressed with the dotted line L2 or 
the one-dot chain line L3 in Fig. 17, the Kink effect which sharply increases drain current at a 
saturation region can be restrained. As a result, by increasing the degree of crystaUization of 
the semiconductor film 100, the TFT itself and peripheral circuits will not be damaged by 
excess current even if an ON-state current level or the like is raised, so that reliability can also 
be improved. 

The method of manufacturing the TFT 10 having such a structure is explained with 
reference to Fig. 9, Fig. 1 0 and Fig. 1 1 . 
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Fig. 9, Fig, 10 and Fig, 11 are cross-sectional views illustrating the manufacturing 



method of the TFT of this embodiment. 




^ Also, in this embodiment, a substrate 50 made of glass, etc, cleaned by ultrasonic 
cleaning or the like is first prepared as shown in Fig. 9 (A). 

Next, as shown in Fig. 9 (B), a bedding protective film made of a silicon oxide film or the 
like with a thickness of 2,000-5,000 angstroms is formed over the entire surface of the 
substrate 50 by a plasma CVD method under the condition of a substrate temperature from 
about 150°C to 450°. 

Also, a bedding semiconductor film 1 1 is formed on the surface of a bedding protective 
film 51. No crystallization is required for this bedding semiconductor film 11^ so that it is 
formed by the low temperature process. 

Next, as shown in Fig. 9 (C), a resist mask 307 is formed, by a photolithography 
technique, that has an opening section 306 at a location near the drain region 17 at the upper 
layer side of the channel region 15, for example, in a location separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen from the drain region 17, 



Next, through the opening section 306 of the resist mask 307, impurities c©ifeisti*4g-^ 
inert gases, metals. Group III elements. Group IV elements or Group V elements are injected 
into the bedding semiconductor film 11. As a result, in the bedding semiconductor film 11, 
the impurities are introduced to a region equivalent to the opening section 306, thus forming 
an impurity introducing region 111 (impurity diffusion source). 

Next, as illustrated in Fig. 9 (D), a semiconductor film 100 made of an amorphous silicon 
film with a thickness of 300-700 angstroms is formed by a plasma CVD method on the 
surface of the bedding semiconductor film 1 1 formed on the substrate 50 under the condition 
of a substrate temperature firom about 150°C to 450°. 




Next, as shown in Fig. 9 (E), laser beams are irradiated onto the semiconductor film 100, 
thus carrying out laser annealing (crystallization process). In this crystallization process, line 
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beams LO are irradiated onto the semiconductor film 100 and the irradiation region L is 
shifted to the Y direction as explained with reference to e.g. Fig. 14. ^s- 



a result, the impurities that were introduced to the impurity introducing region 11 1 of 
the bedding semiconductor film 1 1 thermally diffuse from the bedding semiconductor film 1 1 
to the semiconductor film 100, and a recombination center 150 is formed. 




Next, as shown in Fig. 9 (E), the polycrystal semiconductor film 100 is patterned in 
island forms by applying a photolithography technique./ j At this time,/ |:h^ Redding 
semiconductor film 1 1 is also patterned. 

Next, as shown in Fig. 10 (A), a gate insulating film 12 made of a silicon oxide film with 
a thickness of 600-1,500 angstroms is formed on the surface side of the semiconductor film 
1 00 by a plasma CVD method with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

Next, as illustrated in Fig. 10 (B), a conductive film 140 containing aluminum, tantalum, 
molybdenima, titaaium, tungsten, etc. is formed by a sputtering method. 

Next, as shown in Fig. 10 (C), after forming a resist mask 301 on the surface of the 
conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 10 (D), 



Next, as illustrated in Fig. 10 (E), phosphorus ions are introduced at a dosage of about 
IxlO^^cm'^to the semiconductor film 100 with the gate electrode 14 as a mask. As a result, 
source region 16 and dram region 17 at high impurity concentration of about 1x10 cm" are 
formed in the semiconductor film 100 in a self-aligned condition relative to the gate electrode 
14. In this case, the section where no impurities are introduced becomes a channel region 15. 

Next, as shown in Fig. 8 (A), after an interlayer insulating film 52 is formed on the 
surface side of the gate electrode 14, armealing for activation is carried out below 400° C, 
preferably below 300" C. Thereafter, source 41 and a drain electrode 42 are formed after 
contact holes are formed in the interlayer insulating film 52. As a result, a TFT 10 is formed. 
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Thus, in this embodiment, the process of introducing impurities to the channel region 15 
is carried out by the impurity diffiision from the impurity introducing region 111 (unpurity 
diffusion source) of the bedding semiconductor film 11 deposited at the lower layer side of 
the channel region 15 (semiconductor film 100), so that it is suitable for concentrating the 
recombination center 150 on the side opposite (the side of the substrate 50) the side where the 
gate electrode 14 is located in the direction of thickness of the channel region 15. 

Also, in this embodiment, the recombination center 150 is formed at the same time with 
the recrystallization process (laser annealing) on the semiconductor film 100 for forming the 
channel region 15; and after this process, it is not exposed to a high temperature atmosphere. 
In other words, after the recombination center 150 is formed, it is not exposed to temperature 
higher than 400°C (preferably 300°C). Thus, the impurities introduced to the channel region 
15 (semiconductor film 100) for forming a recombination center will not be inappropriately 
thermally diffused, or the defects formed by the introduction of impurities (recombination 
center 150) will not be fixed. 

Moreover, in this embodiment, the impurity introducing region 111 formed by the 
injection of impurities to the bedding semiconductor film 11 is the impurity diffusion source; 
however, as shown in Fig. 8 (B), the section wherein impurities are locally introduced to the 
beddmg protective film 51 may be used as the impurity diffusion source 511. 

In any emboikaent described al^ve, the examples of adopting this invention to a top ^ate 
type TFT are.©?4*^ned| |owever,^J^nvention may be applied to a bottom gate type TFT 





As explained above, in^^J^nvention, even if hole/electron pairs due to hot carriers are 
formed by an increase in drain voltage in e.g., an N type TFT, these holes/electrons are 
recombined and then captured at a recombination center formed in a channel region. 
Therefore, no holes are injected from the channel region to a source region, so that the 
injection of electrons from the source region to the channel region resulting fi-om such an 
injection of holes will not occur. As a result, there are no fluctuations in saturation current 
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caused by such bipolar transistor behavior, thus preventing drain current in a saturation region 
(saturation current) from increasing along with the rise of drain voltage. Thus, even if ON- 
state ciirrent characteristics are improved by enhancing the degree of crystallization of a 
semiconductor film, the TFT itself and peripheral circuits will not be damaged by excess 
current, etc., thus improving reUability. 
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PATENT APPLICATION 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
Ichio YUDASAKA et al. 
Application No.: 09/936,041 

Filed: September 7, 2001 Docket No.: 110553 

For: METHOD OF MANUFACTURING A THIN-FILM TRANSISTOR 

SUPPLEMENTAL PRELIMINARY AMENDMENT 

Director of the U.S. Patent and Trademark Office 
Washington, D.C. 20231 

Sir: 

As a supplement to the preliminary amendment filed on September 7, 2001, and prior 
to initial examination, please further amend the above-identified application as follows: 
IN THE ABSTRACT : 

Please replace the Abstract filed with the substitute Abstract attached hereto. 
IN THE SPECIFICATION : 

Please replace the specification with the substitute specification attached hereto. 
IN THE CLAIMS : 

Please replace claims 1-13 as follows: 

1 . (Amended) A method of manufacturing a thin-fihn transistor, comprising: 
forming a charmel region facing a gate electrode through a gate insulating 

film; 
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forming source and drain regions connected to the channel region in a 
semiconductor film that is formed on a surface of an insulating substrate; and 

forming a recombination center that captures carriers in the channel region by 
introducing an impurity into said channel region. 

2. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 1, said impurity being at least one kind selected from the group including inert gases, 
metals. Group III elements. Group IV elements and Group V elements, 

3. (Twice Amended) The method of manufacturing a thin-film transistor 
according to Claim 1, wherein a process of introducing said impurity into said channel region 
is carried out by injecting the impurity fi*om a surface side of said channel region. 

4. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 3, wherein a process of introducing said impurity into said channel region is carried 
out, after a crystallization process on a semiconductor film so as to form said channel region, 
by injecting the impurity fi*om a surface side of said chaimel region, 

5. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 3, wherein a process of introducing said impurity into said channel region is carried 
out, after a crystallization process on a semiconductor film so as to form said channel region, 
by injecting the impurity from a surface side of said channel region before a process of 
forming said gate electrode on a surface side of the channel region. 

6. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 3, wherein a process of introducing said impurity into said chaimel region is carried 
out, after said gate insulating film and said gate electrode are sequentially formed on a 
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surface side of said channel region, by injecting the impurity from a surface side of said gate 
electrode before an interlayer insulating film is formed on a surface side of the gate electrode. 

7. (Twice Amended) The method of manufacturing a thin-film transistor 
according to Claim 3, an average projected range of the impurity in said process of 
introducing an impurity being from a center in a direction of thickness of said channel region 
to an interface between the channel region and the gate insulating film, 

8. (Twice Amended) The method of manufacturing a thin-film transistor 
according to Claim 3, an average projected range of the impurity in said process of 
introducing an impurity being from a center in a direction of thickness of said channel region 
to an interface between the channel region and a layer located on said substrate side. 

9. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 1, a process of introducing said impurity to said channel region being carried out by 
impurity diffusion from an impurity diffusion source arranged at a lower layer side of said 
channel region. 

1 0. (Amended) The method of manufacturing a thin-film transistor according to 
Claim 9, said impurity diffusion being carried out in a crystallization process on a 
semiconductor film so as to form said channel region. 

1 1 . (Twice Amended) The method of manufacturing a thin-film transistor 
according to Claim 4, said crystaUization process being laser anjiealing on a semiconductor 
film so as to form said channel region, 

1 2. (Twice Amended) The method of manufacturing a thin-film transistor 
according to Claim 1, each process carried out after introducing said impurities to said 
channel region being carried out at a temperature below 400°C. 
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13. (Twice Amended) The method of manufacturing a thin-film transistor 
according Claim 1, each process carried out after introducing said impurities to said channel 
region being carried out at a temperature below 300°C, 

Please add new claim 14 as follows: 

- 14. A method of manufacturing a display device comprising a thin-film transistor 
that is manufactured by: 

forming a channel region facing a gate electrode through a gate insulating 

film; 

forming source and drain regions connected to the channel region in a 
semiconductor film that is formed on a surface of an insulating substrate; and 

forming a recombination center that captures carriers in the channel region by 
introducing an impurity into said channel region.— 

REMARKS 

Claims 1-14 are pending in this application. By this Supplemental Preliminary 
Amendment, the abstract, specification claims 1-13 are amended and new claim 14 is added. 
No new matter is added. 

The attached Appendix includes marked-up copies of the substitute specification 
(37 C.F.R. §1, 125(b)(2)) and each rewritten claim (37 C.F.R. §1.121(c)(l)(ii)). 

In view of the foregoing amendments and remarks. Applicants submit that this 
application is in condition for allowance. Favorable consideration and prompt allowance of 
claims 1-14 are earnestly solicited. 
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Should the Examiner believe that anything further would be desirable in order to 
place this application in better condition for allowance, the Examiner is invited to contact 
Applicants' undersigned attorney at the telephone number listed below. 
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APPENDIX 

Changes to Abstract: 

The following is a marked-up version of the amended Abstract: 
The present invention provides a thin-film transistor (TFT) and its production method 
which enables an arrangement restraining bipolar transistor type behavior, in order to 
stabilize saturation current and to provide a TFT that can improve reliability. fa-a rThe TFT 
40r -includes a channel region l^facing a gate electrode 14-through a gate insulating film-4S, 
a source electrode i^connected to the channel region 4-5-and a drain region i^connected to 
the channel region i5-on the side opposite this source region 4^are formed in a polycrystal 
semiconductor film iOQ-that was patterned in island forms. In the channel region45, a 
recombination center J^O-is formed for capturing a small number of carriers (holes) by 
introducing impurities^, such as inert gases, metals. Group III elements, Group IV elements 
and Group V elements after a crystallization process is carried out on a semiconductor film 
100. The invention thus provides an arrangement restraining bipolar transistor type behavior, 
to s tabilize saturation current and to provide a TFT that can improve reliability. 
Changes to Specification: 

A Substitute Specification is attached in accordance with 37 C.F.R. 1.125(b)(2). 
Changes to Claims: 

The following are marked-up versions of the amended claims 1-13: 

1 . (Amended) A method of manufacturing a thin-film transistor , comprising: 

wherein forming a channel region facing a gate electrode through a gate 

insulating film; and- 

forming source and drain regions connected to the channel region are formed 

in a semiconductor film that is formed on a surface of an insulating substrat e, characterized in 
fea t; and 
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forming a recombination center for capturing that captures carriers is formed 

in the channel region by introducing an impurity te- into said channel region. 

2. (Amended) A-The m ethod of manufacturing a thin-film transistor according 
to Claim 1, characterized in that said impurity is -being at least one kind selected from the 
group consisting of including inert gases, metals, Group III elements, Group IV elements and 
Group V elements. 

3 . ( Twice A mended) Ar -Tho method of manufacturing a thin-film transistor 
according to Claim 1, characterized in that wherein a process of introducing said impurity te- 
into said channel region is carried out by injecting the impurity from a surface side of said 
chaimel region. 

4. (Amended) A r-The method of manufacturing a thin-film transistor according 
to Claim 3, characterized in that wherein a process of introducing said impurity te-into said 
channel region is carried out, after a crystallization process on a semiconductor film so as to 
form said chaimel region, by injecting the impurity from a surface side of said channel 
region. 

5 . (Amended) A-The method of manufacturing a thin-film transistor according 
to Claim 3, characterized in that w faerein_a process of introducing said impurity te-into said 
channel region is carried out, after a crystallization process on a semiconductor film so as to 
form said channel region, by injecting the impurity from a surface side of said channel region 
before a process of forming said gate electrode on a surface side of the chaimel region. 

6. (Amended) A rThe method of manufacturing a thin-film transistor according 
to Claim 3, characterized in that wherein a process of introducing said impurity teninto said 
chaimel region is carried out, after said gate insulating film and said gate electrode are 
sequentially formed on a surface side of said channel region, by injecting the impurity from a 
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surface side of said gate electrode before an interlayer insulating film is formed on a surface 

side of the gate electrode. 

7. (Twice Amended) A -The method of manufacturing a thin-film transistor 
according to Claim 3, oharactorizod in that an average projected range of the impurity in said 
process of introducing an impurity is -being fr om fee-a_center in the-a direction of thickness of 
said channel region to an interface between the channel region and the gate insulating film. 

8. (Twice Amended) A -The method of manufacturing a thin-film transistor 
according to Claim 3, characterized in that an average projected range of the impurity in said 
process of introducing an impurity is -being from fee-a.center in the-a direction of thickness of 
said channel region to an interface between the channel region and a layer located on said 
substrate side. 

9. (Amended) Ar-The method of manufacturing a thin-film transistor according 
to Claim 1, chai-actorizod in that a process of introducing said impurity to said channel region 
is -being carried out by impurity diffiision from an impurity diffiision source arranged at a 
lower layer side of said channel region. 

1 0 . (Amended) A-The m ethod of manufacturing a thin-film transistor according 
to Claim 9, charact o rizod m that said impurity diffusion is-being carried out in a 
crystallization process on a semiconductor film so as to form said channel region. 

1 1 . (Twice A mended) Ar -The m ethod of manufacturing a thin-film transistor 
according to Claim 4, characterized in that said crystallization process ts -being l aser 
annealing on a semiconductor fihn so as to form said channel region. 

12. ( Twice A mended) A ^The m ethod of manufacturing a thin-fihn transistor 
according to Claim 1, characterized in that each process carried out after introducing said 
impurities to said channel region is -being carried out at a temperature below 400°C. 
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1 3 . rXwice Amended) ^The m ethod of manufacturing a thin-film transistor 
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METHOD OF MANUFACTURING A THIN-FILM TRANSISTOR 
BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] This invention relates to a thin-film transistor (TFT), and more specifically, 
relates to manufacturing technology for improving TFT transistor characteristics. 

2. Description of Related Art 

[0002] Currently, various devices that use TFT's include an active matrix substrate 
of a liquid display device, for instance, which is formed on a transparent substrate, such as 
glass as shown in Fig. 1 1 (A), and its roughly central region is identified as a picture display 
region 81 . In this pictiare display region 81, picture elements are formed into sections by data 
lines 90 and scanning lines 91 composed of a metal film, such as aluminum^ tantalum, 
molybdenum, titanium and tungsten, a silicide film, a conductive semiconductor film, etc. In 
each picture element, a liquid crystal unit 94 (liquid crystal cell) is formed where picture 
signals are input through a TFT 30 for picture switching. For the data lines 90, a data- side 
drive circuit 60 is constructed that includes a shift register 84, a level shifter 85, video lines 
87 and analog switches 86. For the scanning lines 91, scanning-side drive circuits 70 are 
constructed that have a shift register 88 and a level shifter 89. 

[0003] In each picture element, a holding capacitor 40 is formed between the 
scanning line 91 and a capacity line 92 extending parallel thereto, and the holding capacitor 
40 has a function to improve the holding characteristics of charge at the liquid crystal units 
94. This holding capacitor 40 is sometimes formed between the scanning line 91 of the front 
stage and a picture element electrode, 

[0004] At the data-side and the scanning-side drive circuits 60 and 70, a CMOS 
circuit is constructed with an N type TFT 10 and a P type TFT 20, as shown in Fig. 1 1 (B). 
Such CMOS arrangement is used to implement an inverter circuit, etc. with more than one or 
two stages at the drive circuits 60 and 70. 

[0005] Therefore, on the active matrix substrate 200, three types of TFTs are 
formed on the surface of the substrate that can include an N type TFT 10 for the drive circuit, 
a P type TFT 20 for the drive circuit and an N type TFT 30 for picture element switching. 
However, these TFT 10, 20 and 30 have a common structure. Thus, in order to avoid 
redundancy of explanation, the structure of the N type TFT 10 for the drive circuity as well as 
the manufacturing method thereof, will be explained with reference to Fig, 12, Fig. 13, 
Fig. 14 and Fig, 15. 



[0006] As illustrated in Fig. 12, on the active matrix substrate 200, a bedding 
protective film 5 1 made of a silicon oxide film is formed at the surface side of the substrate 
50. On the surface of this bedding protective film 5 1 , a polycrystal semiconductor film 1 00 is 
formed that is patterned into island forms. On the surface of the semiconductor film 100, a 
gate insulating film 12 is formed, and a gate electrode 14 is formed on the surface of this gate 
insulating film 12. In the semiconductor film 100, a chaimei region 15 is formed at a region 
facing the gate electrode 14 through the gate insulating film 12. At the sides of this charmel 
region 15, a high concentration source region 16 and a high concentration drain region 17 are 
formed in a self-aligned condition relative to the gate electrode 14. To the high concentration 
source region 16 and high concentration drain region 17, a source electrode 41 and a drain 
electrode 42 are respectively electrically connected through contact holes in an interlayer 
insulating film 52. 

[0007] In order to manufacture the TFT 1 0 with such a structure, first, a substrate 
made of glass, etc. is cleaned by ultrasonic cleaning or the like as in Fig. 13 (A). Next, as 
shown in Fig. 13 (B), a bedding protective film 51 is formed over the entire surface of the 
substrate 50 under the condition of a substrate temperature from about 150 to 450°C. 

[0008] Next, as illustrated in Fig. 13 (C), a semiconductor film 100 is formed on the 
surface of the bedding protective film 51. At this time, by applying a low temperature 
process, the substrate 50 made of glass can be prevented from being thermally deformed. 
The low temperature process indicates that the maximum temperature in the process (the 
maximimi temperature wherein the temperatxire of a substrate as a whole increases at the 
same time) is lower than about 600''C (preferably, less than about 500°). On the contrary, a 
high temperature process indicates that the maximum temperature of the process (the 
maximum temperature wherein the temperature of a substrate increases as a whole at the 
same time) is higher than about 600°. This is to carry out a high temperature procedure at 
700-l,200°C such as film-formation under high temperature and the thermal oxidation of 
silicon, 

[0009] However, since it is impossible to form a polycrystal semiconductor film 
directly on the substrate in the low temperature process as explained later, this semiconductor 
film 100 should be crystallized after an amorphous semiconductor film 100 is formed first by 
a plasma CVD method or a low pressure CVD method. As this crystallization method, for 
instance, methods such as a Solid Phase Crystallization (SPC) method and Rapid Thermal 
Annealing (RTA) method are included. As shown in Fig. 13 (D), by carrying out laser 
annealing wherein excimer laser beams using XeCl are irradiated (EL A: Excimer Laser 



Annealing/crystallization process), the rise in substrate temperature is restrained, and 
polycrystai Si with a large grain diameter is also provided. 

[0010] In this crystallization process, laser beams (excimer laser) from a laser beam 
source 320, for example, are irradiated toward the substrate 50 that is placed on a stage 310 
through an optical system 325, as shown in Fig, 14. Li this process, line beams LO wherein 
an irradiation range L is long in an X direction (for example, line beams at 200Hz of laser 
pulse cyclic frequencies) are irradiated onto the semiconductor film 1 00, and the irradiation 
region L is shifted in a Y direction. The beam length of the line beams LO is 400mm herein, 
and the output intensity thereof is, for instance, 300mJ/cm^. Also, in shifting the irradiation 
region L of laser beams in the Y direction, the line beams are scanned so as to overlap 
sections with 90% of the peak laser intensity in the width direction per region. As a result, 
the amorphous semiconductor film 100 is melted once, and is then polycrystallized after a 
cooling and solidifying process. In this process, the irradiation period of laser beams onto 
each region is extremely short and the irradiation region L is local relative to the substrate as 
a whole, so that the substrate 50 as a whole is not heated to a high temperature at the same 
time. Thus, even though the glass substrate used as the substrate 50 is inferior to a quartz 
substrate in heat resistance, there is no forming of deformation, cracks, etc. by heat. 

[0011] Next, as shown in Fig. 13 (E), the polycrystai semiconductor film 100 is 
patterned in island forms by the photolithography technique. 

[0012] Next, as illustrated in Fig. 15 (A), a gate insulating film 12 made of a silicon 
oxide film is formed at the surface side of the semiconductor film 100. 

[0013] Next, as shown in Fig. 15 (B), a conductive film 140 containing aluminum, 
tantalum, molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 

[0014] Next, after forming a resist mask 301 on the surface of the conductive film 
140 as shown in Fig. 15 (C), the conductive film 140 is patterned; and a gate electrode 14 is 
then formed as shown in Fig. 15 (D). 

[0015] Next, as illustrated in Fig. 15 (E), phosphorus ions are introduced at a 
dosage of about e.g., IxlO^^cm'^ onto the semiconductor film 100 with the gate electrode 14 
as a mask. As a result, a source region 16 and a drain region 17 axe formed in the 
semiconductor film 100 in a self-aligned condition relative to the gate electrode 14 and at a 
high impurity concentration of about IxlO^^cm"^. The section in the semiconductor film 100 
where the impurities are not introduced becomes a channel region 15. 



[0016] Next, after forming an interlayer insulating film 52, as shown in Fig. 12, 
annealing is carried out for activation. Then, a source electrode 41 and a drain electrode 42 
are formed after contact holes are formed in the interlayer insulating film 52. 

[0017] In the N type TFT constructed as mentioned above, drain voltage that is 
positive relative to the potential of the source electrode 16 is applied to the drain electrode 42 
as in Fig. 16 (A), and positive gate voltage is applied to the gate electrode 14, As a result, 
negative electric charge concentrates on the interface of the channel region 15 and the gate 
insulating film 12, forming an N type channel 151 (inversion layer). At this time, when drain 
voltage is small enough relative to gate voltage, the source region 16 and the drain region 17 
are connected by the channel 1 5 1 , so that drain electric current increases as drain voltage 
(non-saturation region) rises as indicated v^dth a solid line LO in the transistor characteristics 
(current- voltage characteristics) shown in Fig. 17. On the contrary, as drain voltage increases 
to almost equal to gate voltage, induced electron density near the drain region becomes small 
as shown in Fig. 16 (B), thus causing pinch-off. Under these conditions, even if drain voltage 
is increased higher than that level, drain electric current does not increase and becomes 
almost constant (at the saturation region) as indicated with the solid line LO in Fig. 17. The 
current value in this case is called saturation current. Thus, if the TFT 10 is driven by 
applying this saturation region, constant drain current can be obtained, thus preventing the 
TFT 10 itself and peripheral circuits from being damaged by excess current. 

[0018] As described above, the transistor characteristics of a TFT are basically 
dominated by the behavior of plural carriers (electrons in case of the N type, and holes in case 
of the P type). However, when drain voltage becomes high, a phenomenon (Kink effect) is 
found wherein the above-noted drain current, which should be constant, abnormally 
increases. The reason will be explained below. First, as drain voltage becomes high and an 
electric field between the source and the drain intensifies at the TFT, carriers are accelerated 
by this electric field and will have large energy. The carriers are accelerated from the source 
region 16 towards the drain region 17, so that they will have the maximum energy near the 
drain region 17. The carriers with large energy (hot carriers) collide against the atoms in the 
semiconductor film and impurity atoms, thus generating pairs of electrons and holes. The 
generated holes, as shown in Fig. 16 (C), increase the potential of the channel region 15, and 
electric current in response to the injection of the holes mentioned above flows fi*om the 
channel region 15 to the source region 16. 

[0019] Such a phenomenon can be considered by relating the channel region 1 5 to a 
base, the source region 16 to an emitter and the drain region 17 to a collector respectively. 



The electric current by holes flowing from the channel region 15 to the source region 16 can 
be considered as base current. The electric current flowing from the source region 16 to the 
drain region 17 in response to the electric current flowing from this channel region 15 to the 
source region 16 can be considered as collector electric current. Therefore, this phenomenon 
is also called bipolar action. With such bipolar transistor type behavior (bipolar action), even 
at the saturation region, drain current increases sharply (Kink effect) as drain voltage rises in 
the case of the conventional TFT as indicated with a two-dot chain line LI in Fig. 17. As a 
result, there is a danger that the TFT 10 itself and the peripheral circuits would be damaged 
by excess current. In addition, such a phenomenon will be clear as the ON-state current level 
of the TFT 10 rises by increasing the degree of crystallization of the semiconductor film 100, 
so that the reliability tends to decline at a higher ON-state current level in case of the 
conventional TFT 10. 

SUMMARY OF THE INVENTION 

[0020] Therefore, one of the objectives of the present invention is to reduce the 
bipolar transistor type behavior and to present a TFT manufacturing method that can stabilize 
saturation current and improve reliability. 

[0021] In order to solve the problem mentioned above, in a method of 
manufacturing a thin-film transistor wherein a channel region facing a gate electrode through 
a gate insulating film and source and drain regions connected to the channel region are 
formed in a semiconductor film on the surface of an insulating substrate, the invention is 
characterized in that a recombination center for capturing carriers is formed in the charmel 
region by introducing impurities to the channel region. 

[0022] In this invention, the impurities are at least one kind selected from the group 
of, for example, inert gases, metals. Group III elements, Group IV elements and Group V 
elements, 

[0023] The TFT manufactured by the method of the invention can include a channel 
region 15 facing a gate electrode 14 through a gate insulating film 12 and source and drain 
regions 16 and 17 connected to the channel region 15 in a semiconductor film 100 formed on 
the surface of an insulating substrate 50, as shown in Fig. 16 (D), and this charmel region 15 
can have a recombination center 1 50 for capturing a small number of carriers. In such TFT 
(for example, N type TFT), even if drain voltage becomes high and hole/electron pairs are 
generated by hot carriers, these holes and electrons are recombined and captured at the 
recombination center 150 formed in the channel region 15. As a result, as holes are injected 
into the source region 16 from the channel region 15, hole density would not become high, so 



that the injection of electrons from the source region 15 to the channel region is due to this 
hole-injection will not occur. Thus, there are no fluctuations in saturation current resulting 
from the bipolar transistor type behavior mentioned above. As a result, in the case of the 
TFT of this invention, as illustrated with a dotted line L2 or a one-dot chain line L3 in Fig. 
17, drain cun*ent will not increase sharply even if drain voltage fluctuates at the saturation 
region. Thus, the TFT itself and peripheral circuits will not be damaged by excess current, 
etc., thus improving reliability. 

[0024] In the invention, the process of introducing the impurities to a channel 
region can be carried out by injecting impurities from a surface side of the channel region. 
Such a method is suitable for forming a recombination center on a surface side from the 
center in the direction of thickness of the channel region. 

[0025] In this case, the process of introducing the impurities to a channel region is 
preferably carried out, after a crystallization process on a semiconductor film so as to form 
the channel region, by injecting impurities from a surface side of the channel region. In this 
way, this recombination center will not be dispersed or diminished by the crystallization 
process after the recombination center is formed. 

[0026] In the invention, the process of introducing the impurities to a channel 
region may be carried out, after e.g., a crystallization process on a semiconductor film so as 
to form the channel region, by injecting impurities from a surface side of the channel region 
before a process of forming the gate electrode on a surface side of the channel region. 

[0027] Also, the process of introducing the impurities to a channel region may be 
carried out, after the gate insulating film and the gate electrode are sequentially formed on a 
surface side of the channel region, by injecting impurities from a surface side of the gate 
electrode before an interlayer insulating film is formed on a surface side of the gate electrode. 
In carrying out such a method, an average projected range of the impurities in the process of 
introducing impurities may be from the center in the direction of thickness of the channel 
region to an interface between the channel region and the gate insulating film. Moreover, an 
average projected range of the impurities in the process of introducing impurities may be 
from the center in the direction of thickness of the channel region to an interface between the 
channel region and a layer located on the substrate side. 

[0028] In the invention, the process of introducing the impurities to the channel 
region may be carried out by impurity diffusion from an impurity diffusion source arranged at 
a lower layer side of the channel region. 



[0029] It can be preferable that such impurity diffusion is carried out in a 
crystallization process on a semiconductor film so as to form the channel region. 

[0030] In the invention, the crystallization process can be laser annealing on a 
semiconductor film so as to form the channel region. 

[0031] In the invention, each process carried out after introducing the impurities to 
the channel region can preferably be carried out at a temperature below 400°, more preferably 
below 300°. In this way, this recombination center will not be thermally diffused or 
diminished after the recombination center is formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] The invention will be described with reference to the following drawings, in 
which like elements are referred to with like numbers, and in which: 

Fig. 1 is a cross-sectional view illustrating the structure of a TFT of embodiment 1 in 
accordance with the present invention; 

Figs. 2 (A) - (E) are cross-sectional views showing the manufacturing method of the 
TFT shown in Fig. 1 ; 

Figs, 3 (A) - (D) are, in the manufacturing method of the TFT shown in Fig. 1, cross- 
sectional views showing each process that continues after the processes shown in Figs. 2; 

Figs. 4 (A) - (C) are, in the manufacturing method of the TFT shown in Fig. 1, cross- 
sectional views showing each process that continues after the processes shown in Figs. 3; 

Fig. 5 is a cross-sectional view illustrating the structure of a TFT of embodiment 2 in 
accordance with the invention; 

Figs. 6 (A) — (C) are cross-sectional views showing the manufacturing method of the 
TFT shown in Fig. 5; 

Figs, 7 (A) - (D) are, in the manufacturing method of the TFT shown in Fig. 5, cross- 
sectional views showing each process that continues after the processes shown in Figs. 6; 

Figs. 8 (A) and (B) are cross-sectional views illustrating the structure of a TFT of 
embodiment 3 of this invention and a cross-sectional view showing the modified example 
thereof respectively; 

Figs. 9 (A) - (F) are cross-sectional views showing the manufacturing method of the 
TFT shown in Fig. 8 (A); 

Figs. 10 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 8 (A), 
cross-sectional views showing each process that continues after the processes shown in 
Figs. 9; 



Fig. 1 1 (A) is a block diagram of an active matrix substrate for a liquid crystal display 
device, and Fig. 1 1 (B) is an equivalent circuit diagram of a CMOS circuit constructing the 
drive circuit thereof; 

Fig. 12 is a cross-sectional view illustrating the structure of a conventional TFT; 

Figs. 13 (A) - (E) are cross-sectional views showing the manufacturing method of the 
conventional TFT shown in Fig. 12; 

Fig. 14 is a schematic block diagram of a laser annealing device used for laser 
annealing (crystallization process); 

Figs, 15 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 12, 
cross-sectional views showing each process that continues after the processes shown in 
Figs. 13; 

Figs. 16 (A) - (D) are diagrams for explaining the operation of a TFT; and 
Fig. 17 is a graph showing the transistor characteristics of TFTs of this invention, a 
conventional TFT and a model TFT. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0033] Embodiments of the invention are explained with reference to figures. In any 
embodiment explained below, a TFT is formed for picture-element switching or a drive 
circuit in an active matrix substrate for a liquid crystal display device, etc. Therefore, as 
described in the explanation of the prior art, three types of TFTs including an N type TFT for 
a drive circuit, a P type TFT for a drive circuit and an N type TFT for picture-element 
switching should be formed on the same substrate. However, these TFTs have a common 
structure. Moreover, the TFT adopting this invention has a structure that is similar to that of 
the conventional TFT apart from the addition of the recombination center. Thus, in the 
following explanation, in order to avoid redundancy of explanation, the same reference 
numerals are used for the same elements as in the conventional TFT and for the 
manufacturing method thereof, and only the structure of an N type TFT for a drive circuit and 
the manufacturing method thereof will be explained. 
Embodiment 1 

[0034] Fig. 1 is a cross-sectional view illustrating the structure of a TFT of 
embodiment 1 of the invention. As shown in Fig. 1, in this embodiment, a bedding protective 
film 51 made of a silicon oxide film is formed on the surface side of a substrate 50, and an N 
type TFT 10 is formed on the surface of this bedding protective film 51. On the surface of 
this bedding protective film 51, a polycrystal semiconductor film 100 patterned in island 
forms is formed. On the surface of the semiconductor film 100, a gate insulating film 12 is 
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formed, and a gate electrode 14 is formed on the surface of this gate insulating film 12. In 
the semiconductor film 100, a channel region 15 is formed at a region facing the gate 
electrode 14 through the gate insulating film 12. At the sides of this channel region 15, high 
concentration source region 16 and drain region 17 are formed in a self-aligned condition 
relative to the gate electrode 14. To the source region 16 and drain region 17, a source 
electrode 41 and a drain electrode 42 are electrically connected respectively through contact 
holes of an interlayer insulating film 52. 

[0035] As shown in Fig. 1, one section on the surface of the gate electrode 14 is 
hollow, and there is partially a thin section 14 L This section 141 is for introducing 
impurities to a predetermined region of the channel region 1 5 in a manufacturing method 
described below. 

[0036] In the TFT 1 0 constructed as above, a recombination center 1 50 is formed in 
the channel region 15 by impurities, such as inert gases, metals, Group III elements. Group 
IV elements and Group V elements that are introduced to this channel region 15, or by crystal 
defects generated by the introduction of these impurities. The recombination center 150 
concentrates on a location near the drain region 17 in the channel region 15 herein. In other 
words, the recombination center 150 concentrates on a region that is separated only by a 
distance equivalent to 1/3 or 1/10 of the channel length seen from the drain region 17. 

[0037] In this embodiment, the density of the recombination center 150 can be 
within a range from IxlO^^cm"^ to IxlO^^cm'^, and a carrier-capturing cross section at the 
recombination center 150 is within a range from 1x10' cm to 1x10' cm . The carrier- 
capturing cross section and density of such a recombination center 150 can be controlled by a 
dosage of impurities into the semiconductor film 100 (channel region 15) in the 
manufacturing method mentioned below. 

[0038] Regarding the depth of the recombination center 1 50, it may be either a 
structure wherein the recombination center 150 concentrates on the side where the gate 
electrode 14 is located in the direction of thickness of the channel region 15, or a structure 
wherein the recombination center 150 concentrates on the side opposite to the side where the 
gate electrode 14 is located in the direction of thickness of the channel region herein. 
However, the recombination center 150 is formed so as to concentrate at a suitable location in 
response to the correlation between the thickness of the channel region 1 5 and the depth of a 
channel formed on the surface of this channel region 15, etc. The depth of the region where 
such a recombination center 1 50 concentrates can be controlled by acceleration voltage at the 
time of introducing impurities to the semiconductor film 100 (channel region 15), etc. in the 
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manufactiiring method mentioned later. In other words, it can be controlled by setting an 
average projected range during the injection of impurities to the semiconductor film 100, at 
the side of the gate electrode 14 or the side of the substrate 50 from the center in the direction 
of thickness of the channel-forming region 15. 

[0039] The transistor characteristics (current- voltage characteristics) of the TFT 10 
constructed as above are explained with reference to Fig. 1 and Fig. 17. Fig. 17 is a graph 
showing the results wherein the transistor characteristics of the TFTs of this invention, the 
conventional TFT and a model TFT are simulated. In Fig. 17, in the TFTs of this invention, 
the characteristics of TFTs - wherein the thickness of the semiconductor film 100 is 460 
angstroms, channel length is 8|im and the recombination center 150 is formed at the length of 
2|Ltm from the location separated from the drain region 17 by l\im - are expressed as a dotted 
line L2 and a one-dot chain line L3 respectively. Among these two TFTs, the TFT expressed 
as the dotted fine L2 has the carrier-capturing cross areas of charged recombination center 
150 and neutral recombination center 1 50 of 1 x 1 0'^^cm^ and 1x1 0'^^cm^ respectively. On the 
other hand, the TFT expressed as the one-dot chain line L3 has the carrier-capturing cross 
areas of charged recombination center 150 and neutral recombination center 150 of 
IxlO'^^cm^ and IxlO'^'^cm^ respectively. The so-called charged recombination center 150 
normally has negative electric charge and becomes neutral by capturing holes. On the other 
hand, the neutral recombination center 150 is normally neutral and charges positively by 
capturing holes herein. Moreover, the density of the recombination center 150 of the TFTs 
expressed as either the dotted line L2 or the one-dot chain Une L3 was set at IxlO^^cm"^. 

[0040] In the TFT 10 constructed as above, when drain voltage is much smaller 
than gate voltage, the source region 16 and the drain region 17 are connected by a channel, so 
that drain current increases as drain voltage rises (at the non-saturation region) as illustrated 
with a solid line LO in Fig. 17. 

[0041] Also, as drain voltage rises as high as the gate voltage, hole/electron pairs 
are formed by hot carriers. Formed holes are recombined and captured in the recombination 
center 150. Thus, many of the formed holes diminish in the channel region 15, so that the 
channel region 15 does not reach enough potential to inject holes into the source region 16. 
As a result, there will be no bipolar transistor type behavior (bipolar action) wherein electrons 
are injected into the charmel region 15 from the source region 16 by the holes injected from 
the channel region 15 to the source region 16. Therefore, in case of the TFT 10 of this 
embodiment, as expressed with the dotted line L2 or the one-dot chain line L3 in Fig. 17, the 
Kink effect which sharply increases drain current at a saturation region can be restrained. As 
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a result, by increasing the degree of crystallization of the semiconductor film 100, the TFT 
itself and peripheral circuits will not be damaged by excess current even if an ON-state 
current level or the like is raised, so that reliability can be also improved. 

[0042] The method of manufacturing the TFT 10 having such a structure is 
explained with reference to Fig. 2, Fig. 3 and Fig. 4, Fig. 2, Fig. 3 and Fig. 4 are all cross- 
sectional views illustrating the manufacturing method of the TFT of this embodiment, 

[0043] In this embodiment, a substrate 50 made of glass, etc, cleaned by ultrasonic 
cleaning or the like is first prepared as shown in Fig. 2 (A), Next, as shown in Fig. 2 (B), a 
bedding protective film made of a silicon oxide film or the like with a thickness of 2,000- 
5,000 angstroms is formed over the entire surface of the substrate 50 by a plasma CVD 
method under the condition of a substrate temperature from about ISO^'C to 450"". A mixed 
gas of mono-silane and laughing gas, TEOS (tetraetoxysilane) and oxygen can be applied as 
the material gas. 

[0044] Next, as illustrated in Fig. 2 (C), a semiconductor film 100 is formed on the 
substrate 50, At this time, the thermal deformation of the glass substrate 50 is prevented by 
applying a low temperature process. In other words, under the condition of a substrate 
temperature firom about 150°C to 450"", a semiconductor film 100 made of an amorphous 
silicon film with a thickness of 300-700 angstroms is formed over the entire surface of the 
substrate 50 by a plasma CVD method. As the material gas, disilane or monosilane, for 
example, may be applied (film-forming process). In addition, as the method of forming the 
amorphous semiconductor film 100 on the substrate 50 under low temperature conditions, a 
vacuum CVD method, an EB deposition method, a sputtering method or the like may be used 
instead of the plasma CVD method. 

[0045] Next, as shown in Fig. 2 (D), laser beams are irradiated onto the 
semiconductor film 100, thus carrying out laser annealing (crystallization process). In this 
crystallization process, line beams LO are irradiated onto the semiconductor film 100 and the 
irradiation region L is shifted to a Y direction as explained with reference to e.g. Fig. 14. 

[0046] Next, as shown in Fig. 2 (E), the polycrystal semiconductor film 100 is 
patterned in island forms by applying a photolithography technique, 

[0047] Next, as shown in Fig. 3 (A), a gate insulating film 12 made of a silicone 
oxide film with a thickness of 600-1,500 angstroms is formed on the side of the surface by a 
plasma CVD method with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

[0048] Next, as illustrated in Fig. 3 (B), a conductive film 140 containing 
alximinum, tantalum, molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 
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[0049] Next, as shown in Fig, 3 (C), after forming a resist mask 301 on the surface 
of the conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is 
formed as shown in Fig. 3 (D). 

[0050] Next, as shown in Fig. 4 (A), a resist mask 302 is formed, by a 
photolithography technique, that has an opening section 303 at a location near the drain 
region 17 on the upper layer side of the channel region 15, for example, in a region separated 
only by a distance equivalent to 1/3-1/10 of a channel length seen from the drain region 17, 

[0051] Next, shallow etching is partially carried out on the surface of the gate 
electrode 14 through the resist mask 302, As a result, as shown in Fig. 4 (B), out of the 
surface of the gate electrode 14, only the region that is separated just by a distance equivalent 
to 1/3-1/10 of a channel length seen from the drain region 17 is etched, and a thin section 141 
is formed partially in the gate electrode 14. 

[0052] Next, as illustrated in Fig. 4 (C), phosphorus ions are introduced at a dosage 
of about IxlO^^cm'^to the semiconductor film 100 with the gate electrode 14 as a mask. As a 
result, source region 16 and drain region 17 at a high impurity concentration of about 
IxlO^^cm"^ are formed in the semiconductor film 100 in a self-aligned condition relative to 
the gate electrode 14. In this case, the section of the semiconductor film 100 where no 
impurities are introduced becomes a channel region 15, 

[0053] Also, even from the thin section 141 of the gate electrode 14, phosphorus 
ions are injected into the semiconductor film 100 (channel region 15), However, the amount 
of impurities injected from the thin section 141 of the gate electrode 14 is small since the gate 
electrode 14 becomes a blocking layer. Therefore, impurities are introduced to a region 
equivalent to the thin section 141 of the gate electrode 14 in the semiconductor film 100 
(channel region 15) in a smaller amount than that to the source region 16 and the drain region 
17, and a recombination center explained with reference to Fig, 1 is then formed, 

[0054] Next, as shown in Fig. 1, after aa interlayer insulating film 52 is formed on 
the surface side of the gate electrode 14, annealing for activation is carried out under the 
temperature condition of 400°, preferably lower than 300°. Thereafter, a source 41 and a 
drain electrode 42 are formed after contact holes are formed in the interlayer insulating film 
52. As a result, a TFT 10 is formed. 

[0055] Thus, in the manufacturing method of this embodiment, the process of 
introducing impurities to the channel region 15 can be carried out by the injection of 
impurities from the surface side of the channel region 15 (semiconductor film 100), so that it 
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is suitable for concentrating the recombination center 150 on the side where the gate 
electrode 14 is located in the direction of thickness of the channel region 15, 

[0056] Also, in this embodiment, the process of forming the recombination center 
150 by introducing impurities to the semiconductor film 100 can be carried out after the 
recrystallization process (laser annealing) on the semiconductor fdm 100 for forming the 
channel region 15, so that the semiconductor film 100 is not exposed to a high temperature 
atmosphere that is greater than e.g., 400^ (preferably 300°). Thus, the impurities introduced 
to the semiconductor film 100 (channel region 15) for forming a recombination center will 
not be inappropriately thermally diffused, or the defects formed by the introduction of 
impurities (recombination center 150) will not be fixed. 

[0057] Moreover, in the above-noted embodiment, the introduction of impurities to 
form a source and drain region was carried out at the same time with the introduction of 
impurities to form a recombination center; however, they may be carried out in separate 
processes. The procedural order of forming a thin section 141 partially in a gate electrode 14 
after forming source and drain electrodes, and then forming a recombination center, for 
example, may be adopted. 

[0058] In this case, ions, such as inert gases and metals can be fireely selected as 
ions for forming a recombination center. This is because ions can be injected only into a 
channel region corresponding to the locally thin section 141 with the source and drain regions 
as masks. Moreover, after injecting ions for forming source and drain regions, the injection 
of ions so as to form a recombination center can be carried out after a heat treatment for 
activation. In this case, defects formed by lowering process treatments thereafter will not 
recover, so that a recombination center can be formed efficiently. 
Embodiment 2 

[0059] Fig. 5 is a cross-sectional view illustrating the structure of a TFT of 
embodiment 2 of this invention. As shown in Fig. 5, a bedding protective film 51 made of a 
silicon oxide film can also be formed on the surface side of a substrate 50 in this 
embodiment, and a TFT 10 is formed on the surface thereof. The fimdamental structure of 
this TFT 10 is the same as that of the TFT 10 which was explained with reference to Fig. 1, 
except that a gate electrode 14 has an equal film thickness. In other words, in a polycrystal 
semiconductor film 100 that was patterned in island forms, a channel region 15 facing a gate 
electrode 14 through a gate insulating film 12, a source electrode 16 connected to the channel 
region 15 and a drain region 17 connected to the channel region 15 on the side opposite this 
source region 16 are formed. Other components are the same as those in the TFT 10 of the 
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embodiment 1^ so that the same reference numerals are used for the corresponding sections 
and the explanations are omitted. 

[0060] Also in this embodiment, in the TFT 10 constructed as above, a 
recombination center 150 can be formed in the channel region 15 by impurities, such as inert 
gases, metals. Group III elements. Group IV elements and Group V elements introduced to 
this channel region 15, or by crystal defects generated by the introduction of these impurities. 
The recombination center 150 concentrates on a location near the drain region 17 in the 
channel region 15 herein. In other words, the recombination center 150 concentrates on a 
region that is separated only by a distance equivalent to 1/3 or 1/10 of the channel length seen 
from the drain region 17. 

[0061] Also in this embodiment, the density of the recombination center 150 is 
within a range from IxlO^^cm"^ to IxlO^^cm"^ and a carrier-capturing cross section at the 
recombination center 150 is within a range from IxlO'^^cm^ to IxlO'^^cm^. Also, even in this 
embodiment, it may be either a structure wherein the recombination center 150 concentrates 
on the side where the gate electrode 14 is located in the direction of thickness of the channel 
region 15, or a structure wherein the recombination center 150 concentrates on the side 
opposite to the side where the gate electrode 14 is located in the direction of thickness of the 
channel region; however, the recombination center 150 is formed so as to concentrate at a 
suitable location in response to the correlation between the thickness of the channel region 15 
and the depth of a channel formed in this charmel region 15. 

[0062] In the TFT 10 constructed as described above, when the drain voltage rises 
as high as the gate voltage, hole/electron pairs are formed by hot carriers. In this 
embodiment, the formed holes are recombined and then captured at the recombination center 
150. Thus, many of the formed holes diminish in the channel region 15, so that the channel 
region 15 does not reach enough potential to inject holes into the source region 16. As a 
result, there will be no bipolar transistor type behavior wherein electrons are injected into the 
channel region 15 from the source region 15 by the holes injected from the channel region 15 
to the source region 16. Therefore, in case of the TFT 10 of this embodiment, as expressed 
with the dotted line L2 or the one-dot chain line L3 in Fig. 17, the Kink effect which sharply 
increases drain current at a saturation region can be restrained. As a result, by increasing the 
degree of crystallization of the semiconductor fdm 100, the TFT itself and peripheral circmts 
will not be damaged by excess current even if an ON-state current level or the like is raised, 
so that reliability can also be improved. 
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[0063] The method of manufacturing the TFT 10 having such a structure is 
explained with reference to Fig. 6 and Fig. 7. Fig. 6 and Fig. 7 show cross-sectional views 
illustrating the manufacturing method of the TFT of this embodiment. In addition, in the 
manufacturing method of the TFT 10 of this embodiment, the procedures up until the 
poly crystal semiconductor film 100 is formed are the same as the processes explained with 
reference to Fig. 2 (A) - Fig. 2 (E) in the TFT manufacturing method of embodiment 1 . In 
other words, as shown in Fig. 2 (B), a bedding protective film 51 is under the condition of a 
substrate temperature from about 150°C to 450°. Then, after a semiconductor film 100 made 
of an amorphous silicon film is formed over the entire surface of the substrate 50 under the 
condition of a substrate temperature from about 150°C to 450^*0 as illustrated in Fig. 2 (C), 
the semiconductor film 100 is polycrystallized by laser annealing with the irradiation of laser 
beams to the semiconductor film 100 as shown in Fig. 2 (D), and thereafter, the polycrystal 
semiconductor film 100 is patterned in island forms by a photolithography technique as 
shown in Fig. 2 (E). 

[0064] Next, as shown in Fig. 6 (A), a gate insulating film 12 made of a siUcon 
oxide film with a thickness of 600-1,500 angstroms is formed on the side of the surface by 
plasma CVD method with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

[0065] Next, as illustrated in Fig. 6 (B), a resist mask 305 is formed, by a 
photolithography technique, that has an opening section 304 at a location near the drain 
region 17 at the upper layer side of the channel region 15, for example, at a location separated 
only by a distance equivalent to 1/3-1/10 of a channel length seen from the drain region 17. 

[0066] Next, as shown in Fig. 6 (C), impurities such as inert gases, metals. Group 
III elements, Group IV elements and Group V elements are introduced to the semiconductor 
film 100 through the opening section of the resist mask. As a result, in the semiconductor 
film 100 (channel region 15), the impurities are introduced to the region equivalent to the 
opening section 304, so that a recombination center 150 is formed by the impurities or the 
defects formed by the introduction of the impurities. 

[0067] Next, as illustrated in Fig. 7 (A), a conductive film 140 containing 
aluminum, tantalum, molybdenum, titanium, tungsten, etc. is formed by a sputtering method, 

[0068] Next, as shown in Fig. 7 (B), after forming a resist mask 301 on the surface 
of the conductive film 140, the conductive film 140 is pattemed and a gate electrode 14 is 
formed as shown in Fig, 7 (C). Then, as shown in Fig. 7 (D), phosphorus ions are introduced 
at a dosage of about IxlO^^cm"^ to the semiconductor film 100 with the gate electrode 14 as a 
mask. As a result, source region 16 and drain region 17 at the high impurity concentration of 
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about IxlO^^cm"^ are formed in the semiconductor film 100 in a self-aligned condition 
relative to the gate electrode 14. 

[0069] Next, as shown in Fig. 5, after an interlayer insulating film 52 is formed on 
the surface side of the gate electrode 14, annealing for activation is carried out below 400"^, 
preferably below 300°. Thereafter, source 41 and drain electrodes 42 are formed after contact 
holes are formed in the interlayer insulating film 52. As a result, a TFT 10 is formed. 

[0070] Thus, even in this embodiment, the process of introducing impurities to the 
channel region 15 is carried out by the injection of impurities fi"om the surface side of the 
chaimel region 15 (semiconductor film 100), so that it is suitable for concentrating the 
recombination center 150 on the side where the gate electrode 14 is located in the direction of 
thickness of the channel region 15. 

[0071] Also, in this embodiment, the process of forming the recombination center 
150 by introducing impurities to the semiconductor fihn 100 is carried out after the 
recrystallization process (laser annealing) on the semiconductor film 100 for forming the 
channel region 15, so that the semiconductor film 100 is not exposed to a high temperature 
atmosphere greater than e.g., 400X (preferably 300°). Thus, the impurities introduced to the 
semiconductor film 100 (channel region 15) for forming a recombination center will not be 
inappropriately thermally diffiised, or the defects formed by the introduction of impurities 
(recombination center 150) will not be fixed. 
Embodiment 3 

[0072] Fig. 8 (A) is a cross-sectional view illustrating the structure of a TFT of 
embodiment 3 of the invention. As shown in Fig. 8 (A), a bedding protective fihn 51 made 
of a silicone oxide film is also formed on the surface side of a substrate 50 in this 
embodiment, and a TFT 10 is formed on the surface thereof The fundamental structure of 
this TFT 10 is the same as that of the TFT 10 which was explained with reference to Fig. 1, 
except that a semiconductor film 1 1 for bedding is formed at a lower layer side of the 
semiconductor film 100 constructing active layers. In other words, as shown in Fig. 8 (A), in 
a polycrystal semiconductor film 100 that was patterned in island forms, a channel region 15 
facing a gate electrode 14 through a gate insulating film 12, a source electrode 16 connected 
to the channel region 15 and a drain region 17 connected to the channel region 15 on the side 
opposite this source region 16 are formed. Other components are the same as those in the 
TFT 10 of the embodiment 1, so that the same reference numerals are used for the 
corresponding sections and explanations are omitted. 
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[0073] Also in this embodiment, in the TFT 10 constructed as above, a 
recombination center 150 is formed in the channel region 15 by impurities, such as inert 
gases, metals, Group III elements. Group IV elements and Group V elements introduced to 
this channel region 15, or by crystal defects generated by the introduction of these impurities. 
The recombination center 150 concentrates on a location near the drain region 17 in the 
channel region 15 herein. In other words, the recombmation center 150 concentrates on a 
region that is separated only by a distance equivalent to 1/3 or 1/10 of the channel length seen 
from the drain region 17. 

[0074] Also in this embodiment, the density of the recombination center 150 is 
within a range from IxlO^^cm'^ to IxlO^^'cm'^ and a carrier-capturing cross section at the 
recombination center 150 is within a range from IxlO'^^cm^ to lxlO"^°cm^. 

[0075] Also, even in this embodiment, it may be either a structure wherein the 
recombination center 150 concentrates on the side where the gate elecfrode 14 is located in 
the direction of thickness of the channel region 15, or a structure wherein the recombination 
center 150 concentrates on the side opposite the side where the gate electrode 14 is located in 
the direction of thickness of the channel region. However, the recombination center 150 is 
formed so as to concentrate at a suitable location in response to the correlation between the 
thickness of the channel region 15 and the depth of a channel formed in this channel region 
15. The depth of the region where such a recombination center 1 50 concentrates can be 
controlled by the diffusion conditions of impurities from an impurity introducing region 1 1 1 
(impurity diffrision source) of the beddmg semiconductor film 1 1 to the semiconductor film 
100 (chaimel region 15). 

[0076] In the TFT 10 constructed as above, when the drain voltage rises as high as 
the gate voltage, hole/electron pairs are formed by hot carriers. In this embodiment, the 
formed holes are recombined and then captured at the recombination center 150. Thus, many 
of the formed holes diminish in the channel region 15, so that the channel region 15 does not 
reach enough potential to mject holes mto the source region 16. As a result, there will be no 
bipolar transistor type behavior wherein electrons are injected into the channel region 15 
from the source region 16 by the holes injected from the chaimel region 15 to the source 
region 16. Therefore, in case of the TFT 10 of this embodiment, as expressed with the dotted 
line L2 or the one-dot chain line L3 in Fig. 17, the Kink effect which sharply increases drain 
current at a saturation region can be resfrained. As a result, by mcreasing the degree of 
crystallization of the semiconductor fibn 100, the TFT itself and peripheral circuits will not 
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be damaged by excess current even if an ON-state current level or the like is raised, so that 
reliability can also be improved. 

[0077] The method of manufacturing the TFT 1 0 having such a structure is 
explained with reference to Fig. 9, Fig. 10 and Fig. 1 1 . Fig. 9, Fig. 10 and Fig. 1 1 are cross- 
sectional views illustrating the manufacturing method of the TFT of this embodiment. Also, 
in this embodiment, a substrate 50 made of glass, etc. cleaned by ultrasonic cleaning or the 
like is first prepared as shown in Fig. 9 (A). 

[0078] Next, as shown in Fig. 9 (B), a bedding protective film made of a silicon 
oxide film or the like with a thickness of 2,000-5,000 angstroms is formed over the entire 
surface of the substrate 50 by a plasma CVD method under the condition of a substrate 
temperature from about 150°C to 450°. 

[0079] Also, a bedding semiconductor film 1 1 is formed on the surface of a bedding 
protective film 51. No crystallization is required for this bedding semiconductor film 11, so 
that it is formed by the low temperature process. 

[0080] Next, as shown in Fig. 9 (C), a resist mask 307 is formed, by a 
photolithography technique, that has an opening section 306 at a location near the drain 
region 17 at the upper layer side of the channel region 15, for example, in a location 
separated only by a distance equivalent to 1/3-1/10 of a channel length seen from the drain 
region 17. 

[0081] Next, through the opening section 306 of the resist mask 307, impurities 
including inert gases, metals. Group III elements. Group IV elements or Group V elements 
are injected into the bedding semiconductor film 11. As a result, in the bedding 
semiconductor film 1 1, the impurities are introduced to a region equivalent to the opening 
section 306, thus forming an impurity introducing region 1 1 1 (impurity diffusion source). 

[0082] Next, as illustrated in Fig. 9 (D), a semiconductor film 1 00 made of an 
amorphous silicon film with a thickness of 300-700 angstroms is formed by a plasma CVD 
method on the surface of the bedding semiconductor film 1 1 formed on the substrate 50 
under the condition of a substrate temperature from about 150°C to 450°. 

[0083] Next, as shown in Fig. 9 (E), laser beams are irradiated onto the 
semiconductor film 100, thus carrying out laser annealing (crystallization process). In this 
crystallization process, line beams LO are irradiated onto the semiconductor film 100 and the 
irradiation region L is shifted to the Y direction as explained with reference to e.g. Fig. 14. 
As a result, the impurities that were introduced to the impurity introducing region 1 1 1 of the 



19 

bedding semiconductor film 1 1 thermally diffuse from the bedding semiconductor film 1 1 to 
the semiconductor film 100, and a recombination center 150 is formed. 

[0084] Next, as shown in Fig. 9 (E), the poly crystal semiconductor film 100 is 
patterned in island forms by applying a photolithography technique. At this time, the bedding 
semiconductor film 11 is also patterned. 

[0085] Next, as shown in Fig. 10 (A), a gate insulating film 12 made of a silicon 
oxide film with a thickness of 600-1,500 angstroms is formed on the surface side of the 
semiconductor film 100 by a plasma CVD method with TEOS (tetraetoxysilane) or oxygen 
gas as a material gas. 

[0086] Next, as illustrated in Fig. 10 (B), a conductive film 140 containing 
aluminum, tantalum, molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 

[0087] Next, as shown in Fig. 10 (C), after forming a resist mask 301 on the surface 
of the conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is 
formed as shown in Fig. 10 (D). 

[0088] Next, as illustrated in Fig. 10 (E), phosphorus ions are introduced at a 
dosage of about IxlO^^cm'^^to the semiconductor film 100 with the gate electrode 14 as a 
mask. As a result, source region 16 and drain region 17 at high impurity concentration of 
about IxlO^^cm'*^ are formed in the semiconductor film 100 in a self-aligned condition 
relative to the gate electrode 14. In this case, the section where no impurities are introduced 
becomes a channel region 15. 

[0089] Next, as shown in Fig. 8 (A), after an interlayer insulating film 52 is formed 
on the surface side of the gate electrode 14, annealing for activation is carried out below 
400'^C, preferably below 300°C. Thereafter, source 41 and a drain electrode 42 are formed 
after contact holes are formed in the interlayer insulating film 52. As a result, a TFT 10 is 
formed. 

[0090] Thus, in this embodiment, the process of introducing impurities to the 
channel region 1 5 is carried out by the impurity diffusion from the impurity introducing 
region 111 (impurity diffusion source) of the bedding semiconductor film 1 1 deposited at the 
lower layer side of the channel region 15 (semiconductor film 100), so that it is suitable for 
concentrating the recombination center 150 on the side opposite (the side of the substrate 50) 
the side where the gate electrode 14 is located in the direction of thickness of the channel 
region 15. 

[0091] Also, in this embodiment, the recombination center 1 50 is formed at the 
same time with the recrystallization process (laser annealing) on the semiconductor film 100 
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for forming the channel region 15; and after this process, it is not exposed to a high 
temperature atmosphere. Li other words, after the recombination center 150 is formed, it is 
not exposed to temperature higher than 400°C (preferably SOC^C). Thus, the impurities 
introduced to the channel region 15 (semiconductor film 100) for forming a recombination 
center will not be inappropriately thermally diffused, or the defects formed by the 
introduction of impurities (recombination center 150) will not be fixed, 

[0092] Moreover, in this embodiment, the impurity introducing region 111 formed 
by the injection of impurities to the bedding semiconductor film 1 1 is the impurity diffusion 
source; however, as shovm in Fig. 8 (B), the section wherein impurities are locally introduced 
to the bedding protective film 51 may be used as the impurity diffusion source 511. 

[0093] In any embodiment described above, the examples of adopting this invention 
to a top gate type TFT are described. However, it is to be understood that the present 
invention may be applied to a bottom gate type TFT without departing firom the spirit and 
scope of the present invention. 

[0094] As explained above, in the present invention, even if hole/electron pairs due 
to hot carriers are formed by an increase in drain voltage in e.g., an N type TFT, these 
holes/electrons are recombined and then captured at a recombination center formed in a 
channel region. Therefore, no holes are injected from the channel region to a source region, 
so that the injection of electrons from the source region to the channel region resulting from 
such an injection of holes will not occur. As a result, there are no fluctuations in saturation 
current caused by such bipolar transistor behavior, thus preventing drain current in a 
saturation region (saturation current) from increasing along with the rise of drain voltage. 
Thus, even if ON-state current characteristics are improved by enhancing the degree of 
crystallization of a semiconductor film, the TFT itself and peripheral circuits will not be 
damaged by excess current, etc., thus improving reliability. 
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METHOD OF MAJTUFACTURING A THIN-FILM TRANSISTOR \ 



This invention relates to a thin-film transistor (called TFT hereafter), and more 
specifically, relates to manufacturing technology for improving TFT transistor characteristics. 

The various devices which use TFTs include an active matrix substrate of a liquid 
display device, for instance, which is formed on a transparent substrate sucii as glass as shown 
in Fig. 11 (A) and its roughly central region is identified as a picture display region 81. In 
this picture display region 81, picture elements are formed iato sections by data lines 90 and 
scanning lines 91composed of a metal film such, as aluminum, tantalum, molybdenum, 
titanium and tungsten, a silicide fihn, a conductive semiconductor fihn, etc. In each picture 
element, a liquid crystal unit 94 (liquid crystal cell) is formed where picture signals are input 
through a TFT 30 for picture switching. For the data lines 90, a data-side drive circuit 60 is 
constiiicted that includes a shift register 84, a level shifter 85, video lines 87 and analog 
switches 86. For the scanning lines 91, scanning-side drive circuits 70 are constructed that 
have a shift register 88 and a level shifter 89. in each picture element, a holding c^acitor 40 
is formed between the scanning hne 91 and a capacity line 92 extending parallel thereto, and 
the holding capacitor 40 has a fimction to improve the holding characteristics of charge at the 
Uquid crystal units 94. This holding capacitor 40 is sometimes formed between the scanning 
line 91 of the firont stage and a picture elraaent electrode. 

At the data-side and the scanning-side drive circuits 60 and 70, a CMOS circuit is 
consti^lcted with an N type TFT 10 and a P type TFT 20 as shown m Tig. 11 (B). Such 
CMOS arrangement is used to implement an inverter circuit, etc. with more ihan one or two 
steges at tiie drive circuits 60 and 70. 

Therefore, on the active matrix substrate 200, three types of TFTs are formed on the 
surface of the substrate that consist of an N type TFT 1 0 for the drive circuit, a P type TFT 20 
for tiie drive circuit and an N type TFT 30 for picture element switching. However, these 
TFT 10, 20 and 30 have a common structure. Thus, in order to avoid redundancy of 
explanation, the sti^cture of the N type TFT 10 for the drive circuit as well as the 
manufacturing method thereof will be explained .>yith reference to Fig. 12, Fig. 13, Fig. 14 and 
Fig. 15. 
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As illustrated in Fig. 12, on the active matrix substrate 200, a bedding protective film 51 
made of a silicon oxide Bm is fonned at tiie surface side of the substrate 50. On the surface 
of this bedding protective fihn 51, a polycrystal semiconductor fihn 100 is formed tliat is 
patterned into island forms. On the surface of the semiconductor film 100, a gate insulating 
film 12 is formed, and a gate electrode 14 is formed on tiie surface of this gate insulating fihn 
12. In the semiconductor fihn 100, a channel region 15 is formed at a region fecmg the gate 
electrode 14 through the gate insulating fihn 12. At the sides of this channel region 15, a high 
concentration source region 16 and a hi^ concentration drain region 17 are formed in a self- 
aHgned condition relative to the gate electrode 14. To the high concentration source region 16 
and high concentration drain region 17, a source electrode 41 and a drain electrode 42 are 
rei^ectively electrically connected through contact holes in an interlayer insulating fihn 52. 

In order to manufecture the TFT 10 with such a structure, first, a substrate made of glass, 
etc. is cleaned by ultrasonic cleaning or the like as in Fig. 13 (A). 

Next, as shovm in Fig. 13 (B), a bedding protective fihn 51 is formed over the entire 
surface of the substrate 50 under the condition of a substrate temperature firom about 150 to 
450°C. 

Next, as illustrated in Fig. 13 (C), a semiconductor fihn 100 is formed on the surface of 
the bedding protective fihn 51. At this tune, by applymg a low temperature process, the 
substrate 50 made of glass is prevented firom being thermally deformed. The low temperature 
process indicates that the maximum temperature in the process (the maximum tenq>erature 
wherein the temperature of a substrate as a whole increases at the same time) is lower than 
about 600°C (preferably, less than about 500°). On the contrary, a high temperature process 
indicates that the maxunum temperature of the process (the maxunum temperature wherem 
the temperature of a substrate increases as a whole at the same time) is higher than about 
eOO**. This is to carry out a high temperature procedure at 700-l,200°C such as fihn- 
formation under high tCTiperature and the thermal oxidation of silicon. 

However, since it is impossible to form a polycrystal semiconductor fihn dhrectly on the 
substrate in the low temperature process as explained later, this semiconductor fihn 100 
should be crystallized afta- an amorphous semiconductor fihn 100 is formed first by a plasma 
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CVD method or a low pressure CVD meiiiod. As iMs crystallization method, for instance, 
methods such as a Solid Phase CrystalUzation (SPC) method and Rapid Themial Annealing 
(RTA) method are included. As shown in Fig. 13 (D), by carrying out laser annealing 
wherein excimer laser beams using XeCl are irradiated (ELA: Excimer Laser 
Annealinig/crystallization process), the rise ia substrate temperature is restrained, and 
polycrystal Si with a large grain diameter is also provided. 

In this crystallization process, laser beams (excimer laser) from a laser beam source 320, 
for example, are irradiated toward the substrate 50 that is placed on a stage 310 through an 
optical system 325 as shown in Fig. 14. hi Ihis process, line beams LO wherein an irradiation 
range L is long in an X direction (for example, line beams at 200Hz of laser pulse cyclic 
frequencies) are irradiated onto the semiconductor fihn 100, and the irradiation region L is 
shifted in a Y direction. The beam length of the line beams LO is 40Qmm herein, and the 
output intensity thereof is, for instance, 300mJ/cm^. Also, in shifting the irradiation region L 
of laser beams in the Y direction, the line beams are scanned so as to overlap sections with 
90% of the peak laser intensity in the width direction per region. As a result, the amorphous 
semiconductor fihn 100 is melted once, and is then polycrystallized after a cooUng and 
solidifying process. In this process, the irradiation period of laser beams onto each region is 
extremely short and the irradiation region L is local relative to the substrate as a whole, so that 
the substrate 50 as a whole is not heated to a high temperature at the same time. Thus, even 
though the glass substrate used as the substrate 50 is inferior to a quartz substrate iq heat 
resistance, there is no forming of deformation, cracks, etc. by heat. 

Next, as shown iq Fig. 13 (E), the polycrystal semiconductor film 100 is patterned in 
island forms by the photohthography technique. 

Next, as illustrated in Fig. 15 (A), a gate insulating film 12 made of a silicon oxide fihn is 
formed at the surface side of the semiconductor fihn 100. 

Next, as shown hi Fig. 15 (B), a conductive film 140 containing aluminum, tantalum, 
molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 
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Next, after forming a resist mask 301 on the surface of the conductive film 140 as shown 
in Fig. 15 (C), the conductive film 140 is patterned; and a gate electrode 14 is then formed as 
shown in Fig. 15 (D). 

Next, as illustrated in Fig. 15 (E), phosphorus ions are introduced at a dosage of about 
e.g., IxlO^^cm"^ onto the semiconductor fihn 100 with the gate electrode 14 as a mask. As a 
result, a source region 16 and a drain region 17 are formed in the semiconductor film 100 in a 
self-aUgned condition relative to the gate electrode 14 and at a high impurity concentration of 
about IxlO^^cm'^. The section in the semiconductor fihn 100 where the unpurities are not 
introduced becomes a chaimel region 15. 

Next, after forming an interlayer insulating fihn 52 as shown in Fig. 12, annealing is 
carried out for activation. Then, a source electrode 41 and a drain electrode 42 are formed 
after contact holes are formed in the interlayer insulating film 52. 

In the N type TFT constructed as mentioned above, drain voltage that is positive relative 
to the potential of tihie source electrode 16 is applied to the drain electrode 42 as in Fig. 16 (A), 
and positive gate voltage is applied to the gate electrode 14. As a result, negative electric 
charge concentrates on the interface of the channel region 15 and the gate insulating fihn 12, 
forming an N type channel 151 (inversion layer). At this time, when drain voltage is small 
enough relative to gate voltage, the source region 16 and the drain region 17 are connected by 
the channel 151, so that drain electric current increases as dram voltage (non-saturation 
region) rises as indicated with a solid Ime LO in the transistor characteristics (current-voltage 
characteristics) shown in Fig. 17. On the contrary, as drain voltage increases to almost equal 
to gate voltage, induced electron density near the drain region becomes small as shown in Fig. 
16 (B), thus causing pinch-off Under these conditions, even if drain voltage is increased 
higher than that level, drain electric current does not increase and becomes ahnost constant (at 
the saturation region) as indicated with the sohd line LO in Fig. 17. The current value in this 
case is called saturation current. Thus, if the TFT 10 is driven by applymg this saturation 
region, constant drain current can be obtained, thus preventing the TFT 10 itself and 
peripheral circuite &om being damaged by excess current. 

As described above, the transistor characteristics of a TFT are basically dominated by the 
behavior of plural carriers (electrons in case of tihe N type, and holes in case of the P type). 
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However, when drain voltage becomes high, a phenomenon (Kiok effect) is tbimd wherein 
the above-noted drain current, which should be constant, abnormally increases. The reason 
will be explsaned below. First, as drain voltage becomes high and an electric field between 
flie source and the drain intensifies at tiie TFT, carriers are accelerated by this electric field 
and will have large energy. The carriers are accelerated firom the source region 16 towards 
the drain region 17, so that they will have the maximum energy near the drain region 17. The 
carriers with large energy (hot carriers) collide against the atoms in the semiconductor film 
and impurity atoms, thus generating pairs of electrons and holes. The generated holes, as 
shown in Fig. 16 (C), increase the potential of the chamiel region 15; and electric current in 
response to the mjection of the holes mentioned above flows firom the channel region 15 to 
the source region 16. Such a phenomenon can be considered by relating the channel region 
15 to a b^e, the source region 16 to an emitter and fiie drain region 17 to a collector 
respectively. The electric current by holes flowing fi-om the chamiel region 15 to the source 
region 16 can be considered as base current. The electric current flowing firom the source 
region 16 to the drain region 17 in response to the electric current flowing from this channel 
region 15 to the source region 16 can be considered as collector electric current. Therefore, 
this phenomenon is also called bipolar action. With such bipolar transistor type behavior 
(bipolar action), even at the saturation region, drain current increases sh^ly (Kink effect) as 
drain voltage rises in tiae case of the conventional TFT as indicated with a two-dot chain hne 
LI in Fig. 17. As a result, there is a danger that the TFT 10 itself and the peripheral curcuits 
would be damaged by excess current. In addition, such a phenomenon will be clear as the 
ON-state current level of the TFT 10 rises by increasing the degree of crystallization of the 
semiconductor fihn 100, so that the reHabihty tends to decline at a higher ON-state current 
level in case of the conventional TFT 10. 

Therefore, the objectives of this invention are to reduce the bipolar transistor type 
behavior and to present a TFT manufecturing method that can stabilize saturation current and 
improve reliability. 

In order to solve the problem mentioned above, in a method of manufacturing a thin-fihn 
transistor wherem. a channel region facing a gate electirode through a gate insulating fihn and 
source and drain regions connected to the channel region are formed in a semiconductor fihn 
on the surface of an insulating substrate, this invention is characterized in that a 
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recombination center for capturing carriers is formed in the channel region by introducing 
impurities to the channel region. 

In this invention, the impurities are at least one kind selected from the group consisting of 
e.g., inert gases, metals. Group III elements. Group IV elements and Group V elements* 

The TFT manufactured by the method of this invention has a channel region 15 facing a 
gate electrode 14 through a gate insulating fihn 12 and source and drain regions 16 and 17 
connected to the channel region 15 in a semiconductor fihn 100 formed on the surface of an 
insulating substrate 50 as shown in Fig. 16 (D), and this channel region 15 has a 
recombination center 150 for capturing a smaU number of carriers. In such TFT (for example, 
N type TFT), even if drain voltage becomes hi^ and hole/electron pairs are generated by hot 
carriers, these holes and electrons are recombined and captured at tibie recombination center 
150 formed in the channel region 15, As a result, as holes are injected into the source region 
16 from the channel region 15, hole density would not become high, so that the injection of 
electrons from the source region 15 to the channel region is due to this hole-injection will not 
occur. Thus, there are no fluctuations in saturation current resulting from the bipolar 
transistor type behavior mentioned above. As a result, in the case of the TFT of this 
invention, as illustrated with a dotted line 12 or a one-dot chain line L3 in Fig. 17, drain 
current will not increase sharply even if drain voltage fluctuates at the saturation region. 
Thus, the TFT itself and peripheral circuits will not be damaged by excess current, etc., thus 
improving reliability. 

In this invention, the process of mtroducing the imptmties to a channel region is carried 
out by injecting impurities from a surface side of the channel region. Such a method is 
suitable for forming a recombination center on a surface side from the center in the direction 
of thickness of the channel region. 

In this case, the process of introducing the impurities to a channel region is preferably 
carried out, after a crystallization process on a semiconductor film so as to form the channel 
region, by injecting impurities from a surface side of the channel region. In this way, this 
recombination center will not be dispersed or diminished by the crystallization process after 
the recombination center is formed. 
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In this inveaitioii, the process of introducing the impurities to a channel region may be 
earned out, after e.g., a crystallization process on a semiconductor film so as to form the 
channel region, by injecting impurities &om a surface side of the channel region before a 
process of forming the gate electrode on a surface side of the channel region. 

Also, the process of introducing the impuiities to a channel region may be carried out, 
after the gate insulating film and the gate electrode are sequentially formed on a surfece side 
of the channel region, by injecting impurities fiom a surface side of the gate electrode before 
an interlayer insulating film is formed on a surface side of the gate electrode. 

In carrying out such a method, an average projected range of the impurities in the process 
of introducing impurities may be from the center in the direction of thickness of the channel 
region to an interfiace between the channel region and the gate insulating film. 

Moreover, an average projected range of the impurities in the process of introducing 
unpurities may be from the center in the direction of tiiickness of the channel region to an 
interface between the channel region and a layer located on the substrate side.. 

In this invention, the process of introducing the impurities to the channel region may be 
carried out by impurity difSusion from an impurity diflRision source arranged at a lower layer 
side of the channel region. 

It is preferable that such impurity difiusion is carried out in a crystallization process on a 
semiconductor film so as to form the channel region. 

In this invention, the crystallization process is laser annealing on a sraniconductor fihn so 
as to form the channel region. 

In this invention, each process carried out after introducmg the impurities to the channel 
region is preferably carried out at a temperature below 400°, more preferably below 300°. In 
this way, this recombination center will not be thermally difiused or diminished after the 
recombination center is formed. 
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Embodiments of the invention wiU now be described by way of further example only and 
with reference to the accompanying drawings, in which:- 

Fig. 1 is a cross-sectionai view illnstrating the structure of a TFT of embodiment 1 of the 
invention. 

Figs. 2 (A) - (E) are cross-sectional views showing the manufacturing method of the TFT 
shown in Fig. 1. 

Figs* 3 (A) - (P) are, in the manufacturing method of the TFT shown in Fig. 1, cross- 
sectional views showing each process that continues after the processes shown in Figs, 2. 

Figs. 4 (A) - (C) are, in the manufacturing method of the TFT shown in Fig. 1, cross- 
sectional views showing each process that continues after the processes shown in Figs. 3, 

Fig. 5 is a cross-sectional view illustrating the structure of a TFT of embodiment 2 of this 
invention. 

Figs. 6 (A) - (C) are cross-sectional views showing the manufacturing method of the TFT 
shown in Fig. 5. 

Figs. 7 (A) - (P) are, in the manufacturing method of the IFT shown in Fig. 5, cross- 
sectional views showing each process that continues after the processes shown in Figs. 6. 

Figs. 8 (A) and (B) are cross-sectional views illustrating the structure of a TFT of 
embodiment 3 of this invention and a cross-sectional view showing the modified example 
thereof respectively. 

Figs. 9 (A) - (F) are cross-sectional views showing the manufacturing method of the TFT 
shown in Fig. 8 (A). 

Figs. 10 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 8 (A), 
CTOss-sectional views showing each process that continues after the processes shown in Figs. 
9. 
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Fig. 11 (A) is a block diagram of an active matrix substrate for a liquid crystal display 
device, and Fig, 11 (B) is an equivalent circuit diagram of a CMOS circuit constructing the 
drive circuit thereof. 

Fig. 12 is a cross-sectional view illustrating the structure of a conventional TFT. 

Figs. 13 (A) - (E) are cross-sectional views showing the manufacturing method of the 
conventional TFT shovra in Fig. 12. 

Fig. 14 is a schematic block diagram of a laser annealing device nsod for laser aimealing 
(crystallization process). 

Figs. 15 (A) - (E) are, in the manufacturing method of the TFT shown in Fig. 12, cross- 
sectional views showing each process that contrnues after the processes shown in Figs. 13. 

Figs. 16 (A) - (D) are diagrams for explaining the operation of a TFT. 

Fig. 17 is a graph showing the transistor characteristics of TFTs of this invention, a 
conventional TFT and a model TFT. 

Embodiments of the invention are explained with reference to figures. In any 
embodiment which vrill be explained below, a TFT is formed for picture-element switching or 
a drive circuit in an active matrix substrate for a Uquid crystal display device, etc. Therefore, 
as described in the explanation of lite prior art, three types of TFTs consisting of an N type 
TFT for a drive circuit, a P type TFT for a drive circuit and an N type TFT for picture-element 
switching should be formed on the same substrate. However, these TFTs have a common 
structure. Moreover, the TFT adopting this invention has a structure that is similar to that of 
the conventional TFT apart firom the addition of the recombination center. Thus, in the 
following explanation, in order to avoid redundancy of explanation, the same reference 
numerals are used for the same elements ^ in the conventional TFT and for the 
manufacturing method thereof, and only the structure of an N type TFT for a drive circuit and 
the mauufecturing method thereof will be explained. 
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Fig. 1 is a cross-sectional view iUustrating the structure of a TFT of embodiment 1 of the 
invention. 

As shown in Fig. 1, in this embodiment, a bedding protective film 51 made of a silicon 
oxide fiOtm is formed on the surface side of a substrate 50, and an N ^e TFT 10 is formed on 
the surface of this bedding protective fihn 51. On the surface of this bedding protective fihn 

51, a polycrystal semiconductor fihn 100 patterned in island forms is formed. On the surfece 
of the semiconductor fihn 100, a gate insulating fihn 12 is formed, and a gate electrode 14 is 
formed on the surface of this gate msulatmg fihn 12. In the semiconductor fihn 100, a 
chamiel region 15 is formed at a region fadng the gate electrode 14 through the gate 
msulating fihn 12. At the sides of this channel region 15, high concentration source region 16 
and drain region 17 are formed in a self-aligned condition relative to the gate electrode 14. 
To the source region 16 and drain region 17, a source electrode 41 and a drain electrode 42 
are electrically connected respectively through contact holes of an interlayer msulatmg fihn 

52. ' 

One section on the surface of tiie gate electrode 14 is hollow, and liiere is partially a thm 
section 141, This section 141 is for introducing impurities to a predetermined region of the 
channel region 15 in a manufacturing method described below. 

In the TFT 10 constructed as above, a recombination center 150 is formed in the chaimel 
region 15 by unpurities such as inert gases, metals, Qtovip M elements. Group IV elements 
and Ckoup V elements that are introduced to this channel region 15, or by crystal defects 
generated by the introduction of these unpurities. The recombination center 150 concentrates 
on a location near the dram region 17 m the channel region 15 herem. In other words, the 
recombmation center 150 concentrates on a region that is separated only by a distance 
equivalent to 1/3 or 1/10 of the channel length seen from the drain region 17. 

In this embodunent, the density of the recombination center 150 is witiim a range from 
IxlO^cm"^ to lxl0^°cm'^, and a carrier-c^tming cross section at the recombination center 
150 is within a range from IxlO'^'cm^ to IxlO'^^cm^ The carriear-capturing cross section and 
density of such a recombination center 150 can be controlled by a dosage of impurities into 
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the semiconductor film 100 (chamel region 15) in the mannfecturing method mentioned 
below. 

Regarding the depth of the recombination center 150, it may be either a structure wherein 
the recombination center 150 concentrates on the side where the gate electrode 14 is located 
in the direction of thickness of the channel region 15, or a structure wherein the 
recombination center 150 concentrates on the side opposite to the side where the gate 
electrode 14 is located in the direction of thickness of the channel region herein; however, the 
recombination center 150 is formed so as to concentrate at a suitable location in response to 
the correlation between the fliickness of the channel region 15 and the depth of a channel 
formed on the surface of this channel region 15, etc. The depth of the region where such a 
recombination cento: 150 concentrates can be controlled by acceleration voltage at tiie time of 
introducing impurities to the semiconductor fikn 100 (channel region 15), etc. in the 
manufacturing method mentioned later. In other words, it can be controlled by setting an 
average projected range during the injection of impurities to the semiconductor fihn 100, at 
the side of the gate electrode 14 or the side of the substrate 50 from the center in the direction 
of thickness of the channel-forming region 15. 

The transistor characteristics (current-voltage characteristics) of the TFT 10 constructed 
as above are explained with reference to Fig. 1 and Fig. 17. Fig, 17 is a graph showing the 
results wherein the transistor characteristics of the TFTs of this invention, the conventional 
TFT and a model TFT are simulated. In Fig. 17, in the TFTs of this invention, the 
characteristics of TFTs - wherein the thickness of the semiconductor fihn 100 is 460 
angstroms, channel length is 8|am and the recombination center 150 is formed at ihe length of 
2^m from the location separated from the drain region 17 by 1pm - are expressed as a dotted 
line L2 and a one-dot chain line L3 respectively. Among these two TFTs, the TFT expressed 
as the dotted line L2 has the carrier-capturing cross areas of charged recombination center 150 
and neutral recombination center 150 of IxlO'^^cm^ and lxl0"^^cm^ respectively. On tiie 
other hand, the TFT e3q)ressed as the one-dot chain line L3 has the carrier-capturing cross 
areas of charged recombination center 150 and neutral recombination crater 150 of 1x10" 
^^cm^ and IxlO'^'^cm^ respectively. The so-called charged recombuaation center 150 normally 
has negative electric charge and becomes neutral by capturing holes. On the other hand, the 
neutral recombination center 150 is normally neutral and charges positively by capturing 
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Holes herein. Moreover, the density of the recombination center 150 of the TFTs expressed as 

19 3 

either the dotted line 12 or the one-dot chain line L3 was set at 1x10 cm" . 

In the TFT 10 constructed as above, when drain voltage is much smaller than gate 
voltage, the source region 16 and the drain region 17 are connected by a channel, so that drain 
current increases as drain voltage rises (at the non-saturation region) as illustrated with a solid 
line LO in Fig. 17. 

Also, as drain voltage rises as high as the gate voltage, hole/electron pairs are formed by 
hot carriers. Formed holes are recombined and captured in the recombination center 150. 
Thus, many of the formed holes diminish in the channel region 15, so that the channel region 
15 does not reach enough potential to inject holes into the source region 16. As a result, there 
will be no bipolar transistor type behavior (Joipolar action) wherein electrons are injected into 
the channel region 15 JBrom the sotirce region 16 by the holes injected from the channel region 
15 to the source region 16. Therefore, m case of the TFT 10 of this embodiment, as expressed 
with the dotted line L2 or the one-dot chain line L3 in Fig. 17, the Kink effect which sharply 
increases drain current at a saturation region can be restrained. As a result, by increasing the 
degree of crystallization of the semiconductor fihn 100, the TFT itself and peripheral circuits 
will not be damaged by excess current even if an ON-state current level or the like is raised, 
so that reliability can be also improved. 

The method of manufacturing the TFT 10 having such a structure is explained with 
reference to Fig. 2, Fig. 3 and Fig. 4. 

Fig. 2, Fig. 3 and Fig. 4 are aU cross-sectional views illustrating the manufacturing 
method of the TFT of this embodiment. 

In this embodiment, a substrate 50 made of glass, etc. cleaned by ultrasonic cleaning or 
the like is first prepared as shown in Fig. 2 (A). 

Next, as shown in Fig. 2 (B), a bedding protective fihn made of a silicon oxide fihn or tiie 
like with a thickness of 2,000-5,000 angstroms is formed over the entire surface of the 
substrate 50 by a plasma CVD method under the condition of a substrate temperature from 
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about 150X to 450''. A mixed gas of mono-silane and laughing gas, TEOS (tetraetoxysilane) 
and oxygen can be applied as the material gas. 

Next, as illustrated in Fig. 2 (C), a semiconductor film 100 is formed on the substrate 50. 
At this time, tiie thermal deformation of the glass substrate 50 is prevented by applying a low 
temperature process. La other words, under the condition of a substrate temperature firom 
about ISO^'C to 450*^, a semiconductor fihn 100 made of an amorphous silicon fihn with a 
thickness of 300-700 angstroms is formed over the entire surface of the substrate 50 by a 
plasma CVD method. As the material gas, disilane or monosilane, for example, may be 
applied (film-forming process). In addition, as the method of forming the amorphous 
semiconductor fihn 100 on the substrate 50 under low temperature conditions, a vacuum CVD 
method, an EB deposition method, a sputtering method or the like may be used instead of the 
plasma CVD method. 

Next, as shown in Fig. 2 (D), laser beams are irradiated onto the semiconductor film 100, 
thus carrying out laser annealing (crystallization process). In this crystallization process, line 
beams LO are irradiated onto the semiconductor film 100 and the irradiation region L is 
shifts to a Y direction as explained with reference to e.g. Fig. 1 4. 

Next, as shown in Fig. 2 (E), the polycrystal semiconductor fihn 100 is patterned in 
island forms by applynig a photolithography technique. 

Next, as shown in Fig. 3 (A), a gate insulating fihn 12 made of a silicone oxide fihn with 
a thickness of 600-1,500 angstroms is formed on the side of the surface by a plasma CVD 
metiiod with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

Next, as illustrated in Fig. 3 (B), a conductive fihn 140 containing aluminum, tantalum, 
molybdenum, titanium, tungsten, etc. is fomied by a sputtering method. 

Next, as shown in Fig. 3 (C), after formmg a resist mask 301 on the surface of ttie 
conductive fihn 140, tiie conductive fihn 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 3 (D). 
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Next, as shown in Fig. 4 (A), a resist mask 302 is formed, by a photolitho^aphy 
tecbnique, that hs& an openiag section 303 at a location near the drain region 17 on the upper 
layer side of the charaiel region 15, for example, in a region separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen from the drain region 17. 

Next, shallow etching is partially carried out on the surface of the gate electrode 14 
through the resist mask 302. As a result, as shown in Fig. 4 (B), out of the surfece of the gate 
electrode 14, only the region that is separated just by a distance equivalent to 1/3-1/10 of a 
channel length seen from the drain region 17 is etched, and a thin section 141 is formed 
partially in the gate electrode 14. 

Next, as illustrated in Fig. 4 (C), phosphorus ions are introduced at a dosage of about 
IxlO^^cm"^ to the semiconductor fihn 100 with the gate electrode 14 as a mask. As a result, 
source region 16 and drain region 17 at a high unpurity concentration of about lxlO^°cm'^ are 
formed in the semiconductor fihn 100 in a self-aHgned condition relative to the gate electrode 
14. In this case, the section of the semiconductor fihn 100 where no impurities are introduced 
becomes a channel region 15, 

Also, even from the thin section 141 of the gate electrode 14, phosphorus ions are 
injected mto the semiconductor fihn 100 (channel region 15). However, the amount of 
impurities injected from the thm section 141 of the gate electrode 14 is small since the gate 
electrode 14 becomes a blockmg layer. Therefore, impurities are introduced to a region 
equivalent to the thin section 141 of the gate electrode 14 in the semiconductor fihn 100 
(channel region 15) in a smaller amount than that to the source region 16 and the drain region 
17, and a recombination center explained with reference to Fig. 1 is then formed. 

Next, as shown in Fig. 1, after an interiayer insulating fihn 52 is formed on the surface 
side of the gate electrode 14, amealmg for activation is carried out under the temperature 
condition of 400*, preferably lower than 300°. Thereafter, a source 41 and a drain electrode 
42 are formed after contact holes are formed in the iaterlayer insulating film 52. As a result, a 
TFT 10 is formed. 

Thus, in the manufacturing method of this embodiment, the process of introducing 
impurities to the channel region 15 is carried out by Ihe injection of impurities from the 
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surface side of the cliaimel region 15 (semiconductor film 100), so that it is suitable for 
concentrating ttie recombination center 150 on tihe side where fbe gate electrode 14 is located 
in the direction of thickness of the channel region 15. 

Also, in this embodiment, the process of forming flie recombination cent^ 150 by 
introducing unpurities to the saEniconductor fihn 100 is carried out aftar the recrystallization 
process (laser amiealing) on the semiconductor fihn 100 for forming the channel region 15, so 
that the semiconductor fihn 100 is not exposed to a high temperature atmosphere that is 
greater than e.g., 400"* (preferably 300°). Thus, the impurities introduced to the 
semiconductor fihn 100 (channel region 15) for forming a recombination center wiU not be 
inappropriately thermally diffiised, or the defects formed by the introduction of impurities 
(recombination center 150) will not be fixed. 

Moreover, in the above-noted embodiment, the introduction of impurities to form a 
source and drain region was carried out at the same time with the inhroduction of impurities to 
form a recombmation center; however, tiiey may be carried out in separate processes. The 
procedural order of forming a flun section 141 partially in a gate electrode 14 after forming 
source and drain electrodes, and then forming a recombination center, for example, may be 
adopted. 

In this case, ions such as mert gases and metals can be fireely selected as ions for forming 
a recombination center. This is because ions can be injected only into a channel region 
corresponding to the locally thm section 141 with the source and drain regions as masks. 
Moreover, after injecting ions for forming source and drain regions, the injection of ions so as 
to form a recombination center can be carried out after a heat treatment for activation. In this 
case, defects formed by lowering process treatments thereafter will not recover, so tiiat a 
recombination center can be formed efficiently. 

Embodiment 2 (Example 2) 



Fig. 5 is a cross-sectional view illustrating the structure of a TFT of embodiment 2 of this 
invention. 
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As shown in Fig. 5, a bedding protective film 51 made of a silicon oxide film is also 
formed on the surface side of a substrate 50 in this embodiment, and a TFT 10 is formed on 
the surface thereof. The fundamental structure of this TFT 10 is the same as that of the TFT 
10 which was e3q>lained wi1h reference to Fig. 1, except that a gate electrode 14 has an equal 
fihn thickness. In other words, in a polycrystal semiconductor fihn 100 that was patterned in 
island forms, a channel region 15 feeing a gate electrode 14 through a gate insulating film 12, 
a source electrode 16 connected to the chamiel region 15 and a drain region 17 connected to 
the channel region 15 on the side opposite this source region 16 are foraied. Other 
components are the same as those in the TFT 10 of the embodiment 1, so that the same 
reference numerals are used for tiie corresponding sections and the explanations are omitted. 

Also in this embodunent, m the TFT 10 constructed as above, a recombmation center 150 
is formed in the channel region 15 by impurities such as inert gases, metals. Group IH 
elements. Group IV elements and Group V elanents introduced to this channel region 15, or 
by crystal defects generated by the introduction of these impurities. The recombmation center 
150 concentrates on a location near the drain region 17 in the chamiel region 15 herein. In 
other words, the recombination centear 150 concentrates on a region that is separated only by a 
distance equivalent to 1/3 or 1/10 of the channel length seen from the drain region 17. 

Also in this embodiment, the density of the recombmation center 150 is within a range 
from IxlO^^cm"^ to IxlO^W^, and a cairier-capturing cross section at the recombination 
center 150 is within a range from IxlO'^cm^ to IxlO'^W. Also, even in this embodiment, 
it may be either a structure wherein the recombination center 150 concentrate on the side 
where the gate elecfrode 14 is located in the direction of thickness of the channel region 15, or 
a stracture wherein the reconjbination center 150 concentrates on the side opposite to the side 
where the gate electrode 14 is located in the direction of thickness of the channel region; 
however, the recombination cento: 150 is formed so as to concentrate at a suitable location m 
response to the coirelation between the thickness of the channel region 15 and the d^ih of a 
channel formed in this chaimel region 15. 

hi the TFT 10 constructed as above, when the drain voltage rises as high as the gate 
voltage, hole/electron pairs are formed by hot carriers. In this embodimoit, the formed holes 
are recombmed and then captured at the recombination center 150. Thus, many of the formed 
holes dhninish in the channel region 15, so that the channel region 15 does not reach enough 
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potential to inject holes into the source region 16. As a result, there will be no bipolar 
transistor type bdiavior wherein electrons are injected into the channel region 15 from the 
source region 15 by the holes injected from the channel region 15 to the source region 16. 
Therefore, in c^e of tibie TFT 10 of this embodiment, as expressed with the dotted line L2 or 
the one-dot chain line L3 in Fig. 17, the Kink effect which sharply increases drain current at a 
saturation region can be restrained. As ti result, by increasing the degree of ciystallization of 
the semiconductor fihn 100, the TFT itself and peripheral circuits will not be damaged by 
excess current even if an ON-state current level or the like is raised, so that reUability can also 
be improved. 

The method of manufacturing the TFT 10 having such a structore is explained with 
reference to Fig. 6 and Fig. 7. Fig. 6 and Fig. 7 show cross-sectional views illustrating the 
manufacturing method of the TFT of this embodiment. In addition, m the manufacturing 
method of the TFT 10 of this embodiment, the procedures up until the polycrystal 
semiconductor fihn 100 formed are the same as the processes explained wilh reference to 
Fig. 2 (A) - Fig. 2 (E) in the TFT manufacturing method of embodiment 1. hi other words, as 
shown in Fig. 2 (B), a bedding protective fihn 51 is under the condition of a substrate 
temperature from about 150°C to 450°. Then, after a semiconductor fihn 100 made of an 
amorphous siUcon fihn is formed over the entire surface of the substrate 50 under the 
condition of a substrate temperature from about 150°C to 450°C as illustrated m Fig. 2 (C), 
the semiconductor fihn 100 is polycrystallized by laser anneahng with the irradiation of laser 
beams to the saniconductor fihn 100 as shown m Fig. 2 (D), and ^ereafta-, the polycrystal 
semiconductor fihn 100 is patterned in island forms by a photoHthography technique as 
shown in Fig. 2 (E). 

Next, as shown in Fig. 6 (A), a gate insulatmg fihn 12 made of a silicon oxide fihn with a 
thickness of 600-1,500 angstroms is formed on the side of the surface by plasma CVD method 
with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

Next, as illustrated in Fig. 6 (B), a resist mask 305 is form^ by a photolithography 
technique, that has an opening section 304 at a location near the drain region 17 at the upper 
layer side of the channel region 15, for example, at a location separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen &om the drain region 17. 
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Next, as shown in Fig. 6 (C), impurities such as inert gases, metals. Group HI elements, 
Group IV elements and Group V elements are introduced to the semiconductor film 100 
through Ihe opening section of the resist mask. As a result, in the semiconductor fihn 100 
(chaunel region 15), the hnpurities are introduced to Ihe region equivalent to the opening 
section 304, so that a recombination center 150 is formed by the impurities or the defects 
formed by the introduction of the impurities. 

Next, as illustrated in Fig. 7 (A), a conductive film 140 containing aluminum, tantalum, 
molybdenum, titanium, tungsten, etc. is formed by a sputtering method. 

Next, as shovra in Fig. 7 (B), after forming a resist mask 301 on tiie surface of the 
conductive film 140, the conductive film 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 7 (C). Then, as shown in Fig. 7 (D), phosphorus ions are introduced at a dosage 
of about IxlO^^cm"^ to the semiconductor fihn 100 with the gate electrode 14 as a mask. As a 
result, source region 16 and drain region 17 at the high impurity concentration of about 
IxlQ^^cm^ are formed m Ihe semiconductor film 100 in a self-aligned condition relative to the 
gate electrode 14, 

Next, as shown in Fig, 5, after an interlayer insulating fihn 52 is formed on the surface 
side of the gate electrode 14, annealing for activation is carried out below 400'', preferably 
below 300"*, Thereafter, source 41 and drain electrodes 42 are formed after contact holes are 
formed in the interlayer insulating fihn 52. As a result, a TFT 10 is formed. 

Thus, even in this embodiment, the process of mtroducing impurities to Ihe channel 
region 15 is carried out by the mjection of impurities from the surface side of the channel 
region 15 (semiconductor fihn 100), so that it is suitable for concentrating the recombuxation 
center 150 on the side where the gate electrode 14 is located in the direction of thickness of 
the channel region 15. 

Also, in this embodiment, the process of forming the recombination center 150 by 
introducing impurities to the semiconductor fihn 100 is carried out after the recrystallization 
process (laser anneaUng) on the semiconductor fihn 100 for forming the chanuel region 15, so 
that the semiconductor film 100 is not exposed to a high temperature atmosphere greater than 
e.g., 400^C (preferably 300*"). Thus, the hnpurities hitroduced to the semiconductor film 100 
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^^channel region 15) for fonning a recombiBation center will not be inappropriately thermally 
diflBised, or the defects formed by the introduction of impurities (recombination center 150) 
win not be fixed. 

Embodiment 3 (Example 3^ 

Fig. 8 (A) is a cross-sectional view illustrating the structure of a TFT of embodiment 3 of 
the invention. 

As shown in Fig. 8 (A), a bedding protective fihn 51 made of a silicone oxide fihn is also 
formed on the surface side of a substrate 50 in this embodiment, and a TFT 10 is formed on 
the surface thereof. The fundamental structure of this TFT 10 is the same as that of the TFT 
10 which was explained with reference to Fig. 1, except that a semiconductor film 11 for 
bedding is formed at a lower layer side of the semiconductor film 100 constructing active 
layers. In other words, as shown in Fig. 8 (A), in a polycrystal semiconductor fihn 100 that 
was patterned in island forms, a channel region 15 facing a gate electrode 14 through a gate 
insulating film 12, a source electrode 16 connected to the channel region 15 and a drain 
region 17 connected to the channel region 15 on the side opposite this source region 16 are 
formed. Other components are the same as those in the TFT 10 of the embodmxent 1, so that 
the same reference numerals are used for the corresponding sections and explanations are 
omitted. 

Also in this embodiment, in the TFT 10 constracted as above, a recombination center 150 
is formed in the channel region 15 by impurities such as mert gases, metals. Group HI 
elements. Group IV elements and Group V elements introduced to this channel region 15, or 
by crystal defects generated by the introduction of these impurities. The recombination center 
150 concentrates on a location near the dram region 17 hi the channel region 15 herem. In 
other words, the recombioation center 150 concentrates on a region that is separated only by a 
distance equivalent to 1/3 or 1/10 of the channel length seen fix>m the drain region 17. 

Also m this embodiment, the density of the recombination center 150 is within a range 
firom IxlO^^cm'^ to IxlO^^cm"^, and a carrier-capturing cross section at the recombhiation 
center 150 is within a range firom IxlO'^^cm^ to IxlO'^^cm^. 
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Also, even in this embodiment, it may be either a structure wHerein the recombination 
center 150 concentrates on the side where the gate electrode 14 is located in the direction of 
thickness of the channel region 15, or a structure wherein the recombination center 150 
concentrates on the side opposite the side where the gate electrode 14 is located in the 
direction of thickness of the channel region; however, the recombination center 150 is formed 
so as to concentrate at a suitable location in response to the correlation between the thickness 
of the channel region 15 and the depth of a channel formed in this channel region 15. The 
depth of the region where such a recombination ceatra: 150 concentrates can be controlled by 
the difiusion conditions of impuriti^ from an impurity introducing region 111 (impurity 
division source) of the bedding semiconductor fflm 11 to the semiconductor fihn 100 
(channel region 15). 

In the TFT 10 constructed as above, when the drain voltage rises as high as the gate 
voltage, hole/electron pabs are formed by hot carriers. In Ms embodiment, the formed holes 
are recombined and then captured at the recombination center 150. Thus, many of the formed 
holes diminish in the channel region 15, so that the channel region 15 does not reach enough 
potential to inject holes into the source region 16. As a result, there will be no bipolar 
transistor type behavior wherem electrons are injected into the channel region 15 from the 
source region 16 by tihie holes injected from the channel region 15 to the source region 16. 
Therefore, in case of the TFT 10 of this embodiment, as expressed with the dotted line 12 or 
the one-dot chain line L3 in Fig. 17, the Kink effect which sharply increases drain current at a 
saturation region can be restrained. As a result, by increasing the degree of crystallization of 
the semiconductor fihn 100, the TFT itself and peripheral circuits will not be damaged by 
excess current even if an ON-state current level or the like is raised, so that rehability can also 
be improved. 

The method of manufacturing the TFT 10 having such a struchire is explained with 
reference to Fig. 9, Fig. 1 0 and Fig. 1 1 . 

Fig. 9, Fig. 10 and Fig. 11 are cross-sectional views illustrating the manufacturing 
method offke TFT of this embodimeat 



Also, in this embodimeat, a substrate 50 made of glass, etc. cleaned by ultrasonic 
cleanuig or the like is first prepared as shown in Fig. 9 (A). 
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Next, as shown in Fig. 9 (B), a bedding protective film made of a silicon oxide film or the 
like with a thickness of 2,000-5,000 angstroms is formed over the entire surfece of the 
substrate 50 by a plasma CVD method under the condition of a substrate temperature from 
about 150*C to 450*". 

Also, a bedding semiconductor film 11 is formed on the surface of a bedding protective 
film 51. No crystallization is required for this bedding semiconductor fUm 11, so that it is 
formed by the low temperature process. 

Next, as shown in Fig. 9 (C), a resist mask 307 is formed, by a photolithogr^hy 
technique, that has an opening section 306 at a location near the drain region 17 at the upper 
layer side of the channel region 15, for example, in a location separated only by a distance 
equivalent to 1/3-1/10 of a channel length seen from the drain region 17. 

Next, tiirough the opening section 306 of tiie resist mask 307, impurities consisting of 
inert gases, metals. Group Ett elements, Group IV elements or Qrovp V elements are injected 
into the bedding semiconductor film 11. As a result, in the bedding semiconductor fihn 11, 
the impurities are intxjduced to a region equivalent to tiie opening section 306, thus forming 
an impurity introducing region 111 (impurity diffusion source). 

Next, as illustrated in Fig. 9 (D), a semiconductor film 100 made of an amorphous silicon 
film witii a thickness of 300-700 angstroms is formed by a plasma CVD method on the 
surface of the bedding semiconductor fihn 11 formed on the substrate 50 under the condition 
of a substrate tempemture from about 150°C to 450°. 

Next, as shown in Fig. 9 (E), laser beams are irradiated onto the semiconductor fihn 100, 
tims carrying out laser annealing (crystallization process). In this crystallization process, line 
beams LO are irradiated onto the semiconductor film 100 and the kradiation region L is 
shifted to the Y direction as e3q)lained with reference to e.g. Fig. 14. 

As a result, the impurities that were introduced to the impurity introducing region 111 of 
the bedding semiconductor fihn 11 thermally diffuse from tiie bedding semiconductor fihn 11 
to the semiconductor film 100, and a recombination center 150 is formed. 
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Next, as shown in Fig. 9 (E), the polycarjretal semiconductor fihn 100 is pattaned in 
island forms by applying a photolithography technique. At this time, the bedding 
semiconductor film 11 is also patterned. 

Nesxt, as shown in Fig. 10 (A), a gate insulating fihn 12 made of a silicon oxide fihn with 
a thickness of 600-1,500 angstroms is formed on the surface side of the semiconductor fihn 
100 by a plasma CVD method with TEOS (tetraetoxysilane) or oxygen gas as a material gas. 

Next, as illustrated in Fig. 10 (B), a conductive fihn 140 containing aluminum, tantalum, 
molybdenum, titanium, timgsten, etc. is formed by a guttering method. 

Next, as shown in Fig. 10 (C), after forming a resist mask 301 on the surfece of the 
conductive fihn 140, the conductive fihn 140 is patterned and a gate electrode 14 is formed as 
shown in Fig. 10 (D). 

Next, as illustrated m Fig. 10 (E), phosphorus ions are introduced at a dosage of about 
1x10^ to the semiconductor fihn 100 with the gate electrode 14 as a mask. As a result, 
source region 16 and drain region 17 at high impiuity concentration of about 1x10 cm' are 
fonned m tiie semiconductor fihn 100 m a self-aligned condition relative to the gate electrode 
14. In this case, the section where no impurities are introduced becomes a channel region 15. 

Next, as shown m Fig. 8 (A), after an interlayer msulating film 52 is formed on the 
surfece side of the gate electrode 14, annealing for activation is carried out below 400°C, 
preferably below 300°C. Thereafter, source 41 and a drain electrode 42 are formed after 
contact holes are formed m the mterlayer insulating fihn 52. As a result, a TFT 10 is formed. 

Thus, in this embodunent, the process of introducing impurities to the chaimel region 15 
is carried out by the impurity diffusion from the impurity introducing region 111 (impurity 
diffiision source) of the beddmg semiconductor film 11 deposited at the lower layer side of 
the channel region 15 (semiconductor film 100), so that it is suitable for concentrating ihe 
recombmation center 150 on the side opposite (the side of the substrate 50) the side where the 
gate electrode 14 is located in the direction of thickness of the channel region 15. 
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Also, in this embodiment, the recombination center 150 is formed at the same time with 
the recrystaUization process (laser annealing) on the semiconductor film 100 for forming the 
channel region 15; and after this process, it is not exposed to a high temperature atmosphere. 
Jn other words, after the recombination center 150 is formed, it is not ejqposed to temperature 
higher than 400°C (preferably 300°C). ITius, the impurities introduced to the channel region 
15 (semiconductor film 100) for forming a recombination center will not be inappropriately 
thermally diffused, or the defects formed by the introduction of impurities (recombination 
center 150) will not be fixed. 

Moreover, in this embodiment, the impurity introducing region 111 formed by the 
injection of impurities to the bedding semiconductor film 11 is the impurity diffiision source; 
however, as shown in Fig. 8 (B), the section wherein impurities are locally introduced to tiie 
bedding protective fihn 51 may be used as the impurity difiusion source 511. 



Other Embodiments 



In any embodiment described above, the examples of adopting tins invention to a top gate 
type TFT are explained; however, this invention may be applied to a bottom gate type TFT. 



Efficacy of the Invention 

As explained above, in this invention, even if hole/electron pairs due to hot carriers are 
formed by an increase in drain voltage in e.g., an N type TFT, tiiese holes/electrons are 
recombined and then captured at a recombination center formed in a channel region. 
Therefore, no holes are injected firom the channel region to a source region, so that the 
injection of electrons firom the source region to tiie channel region resulting from such an 
injection of holes will not occur. As a result, there are no fluctuations in saturation current 
caused by such bipolar transistor behavior, thus preventing drain current in a saturation region 
(saturation current) firom increasing along with the rise of drain voltage. Thus, even if ON- 
state current characteristics are improved by enhancing the degree of crystallization of a 
semiconductor fihn, the TFT itself and peripheral circuits will not be damaged by excess 
current, etc., thus improving reliability. 



